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RG]LYD VHVWDYD REPRþLM NL VR JOHGH QD SURVWRUVNR UD]SRUHGLWHY L]SRVWDYOMHQD
UD]OLþQHPX ]XQDQMHPXSROMX 6 WHP VPRSRND]DOL GD ODKNRKLVWHUH]QL RG]LY$05
WLSDODUD]ORåLPRVSRPRþMRHQHUJLMVNHJDUDYQRYHVMDSRVDPH]QLKPDJQHWQLKGRPHQ
;;,9 3RY]HWHN

9 QDGDOMHYDQMX MH SUHGVWDYOMHQR ãLUãH SRGURþMH PDWHPDWLþQHJD PRGHOLUDQMD
KLVWHUH]H8JRWRYLWYHQDPVNXSDM]UD]XPHYDQMHPIL]LNDOQHJDGRJDMDQMDYPDWHULDOX
SRPDJDMR SUL NRQVWUXNFLML ODVWQHJDPRGHOD QD SRGODJL ED]QH IXQNFLMH ªGRPHQD© L]
GUXåLQH IXQNFLM SOD\ 9SOLY KLVWHUH]H UDþXQDPR V SRPRþMR XWHåHQH YVRWH VWDQM
SRVDPH]QLK GRPHQ LQ ] XVWUH]QLPL SULODJRGLWYDPL ]D GDQH YKRGQH SDUDPHWUH LQ
SHULRGLþQRVWUDþXQDQHYHOLþLQH±NRWD]QRWUDMPDJQHWQHJDSROD0RGHOMHSUHL]NXãHQV
NYDOLWDWLYQRSULPHUMDYR]PHULWYDPLSULL]EUDQLKSDUDPHWULK
3UHGODJDQ MH SRVWRSHN ]D PHULWHY V SRPRþMR NDWHUHJD SULGRELPR KLVWHUH]QH
SDUDPHWUHGDQHJD WLSDOD REGDQLKRNROLãþLQDKPHULWYH WLSDOQL UD]GDOML WHPSHUDWXUL
MDNRVWLPDJQHWQHJD WUDNX« ,]SHOMDQD MHPDWHPDWLþQD SUHWYRUED WHK SDUDPHWURY Y
YKRGQHSDUDPHWUHPRGHOD6 WHPMHPRJRþHPRGHO]DRVWDMDMRþLKGRPHQ0='QD
VWDELOHQLQUREXVWHQQDþLQXPHULWL]DL]EUDQLVLVWHP
=DQDPHQNYDQWLWDWLYQHDQDOL]HXVSHãQRVWLPRGHODLQNDVQHMHNRPSHQ]DFLMVNHJD
DOJRULWPD MH UD]YLWD NULWHULMVND IXQNFLMD ]D L]UDþXQ XVWUH]QHJD ND]DOQLND 30+
SRJUHãHNPHULWYHGDMDOQLND]DUDGLKLVWHUH]H
0RGHO0='VPRLPSOHPHQWLUDOLYSURJUDPVNRRSUHPRGDMDOQLNDLQJDXSRUDELOL
]D NRPSHQ]DFLMR KLVWHUH]H $OJRULWHP VPR SUHL]NXVLOL QD VNXSLQL WHVWQLK Y]RUFHY
UD]QRYUVWQLK PDJQHWRXSRURYQLK WLSDO 8JRWRYOMHQR MH ELOR GR  ]PDQMãDQMH
SRJUHãND]DUDGLKLVWHUH]HREXVWUH]QLXSRUDELNRPSHQ]DFLMVNHJDSRVWRSND3ULWHPVH
GHORYQL FLNHO GDMDOQLND QL ELVWYHQR SRGDOMãDO 6 WHP VPR SRWUGLOL XSRUDEQRVW
SUHGODJDQHJD DOJRULWPD ]DNRPSHQ]DFLMRKLVWHUH]H VSRPRþMRPRGHOD ]DRVWDMDMRþLK
GRPHQNLVPRJDãLUãLMDYQRVWLSUHGVWDYLOLY>@


.OMXþQH EHVHGH DQL]RWURSQR PDJQHWRXSRURYQR WLSDOR KLVWHUH]D GDMDOQLNL
SRPLNDLQ]DVXNDPRGHO]DRVWDMDMRþLKGRPHQ

;;9
$EVWUDFW
7KHNH\HOHPHQWRIDQDXWRPDWL]HGSRVLWLRQLQJV\VWHPLVDQHQFRGHUDGHYLFH
ZKLFKPHDVXUHV WKH OLQHDUPRYHPHQW RU DQJXODU URWDWLRQ RI WKHPRYLQJ SDUWV7KH
GHPDQGVIRUDFFXUDF\UHSHDWDELOLW\DQGUREXVWQHVVLQFUHDVHUDSLGO\DVWKHWHFKQRORJ\
LVSURJUHVVLQJ(QFRGHUVZLWKHPEHGGHGDQLVRWURSLFPDJQHWRUHVLVWLYH VHQVRUVDUH D
ZHOOHVWDEOLVKHG VROXWLRQ IRU KDUVK LQGXVWULDO HQYLURQPHQWV +RZHYHU PDJQHWLF
K\VWHUHVLVUHPDLQVRQHRIWKHLUPDLQGUDZEDFNV
7KHSXUSRVHRIWKLVZRUNLVWRDQDO\]HWKHK\VWHUHVLVSKHQRPHQDDQGLWVHIIHFWV
RQWKHPHDVXUHPHQWWKHFRQVWUXFWLRQRIDPDWKHPDWLFDOPRGHOIRUVLPXODWLRQVRIWKH
HUURUGXHWRK\VWHUHVLVRQWKHHQFRGHUOHYHODQGWKHLQWHJUDWLRQRISUHVHQWHGPRGHOLQ
DQDOJRULWKPIRUUHDOWLPHFRPSHQVDWLRQRIWKHPHDVXUHPHQWHUURU7KHQZHSURSRVH
D FDOLEUDWLRQ URXWLQH IRU PRGHO SDUDPHWHUV DQG H[SHULPHQWDOO\ YHULI\ WKH RYHUDOO
DOJRULWKP
7KH K\VWHUHVLV SKHQRPHQRQ LV REVHUYHG RQ D FKRVHQ W\SH RI DQ DQLVRWURSLF
PDJQHWRUHVLVWLYHVHQVRU $05IRU OLQHDUPHDVXUHPHQWRIDGLVSODFHPHQWDORQJDQ
LQWHUFKDQJHDEO\PDJQHWL]HGVFDOH7KHPHDVXULQJSULQFLSOHLVH[SODLQHGILUVWO\RQD
VHQVRUOHYHODQGVHFRQGO\KRZWKHSURGXFHGVLJQDOVDUHXVHGRQWKHKLJKHUOHYHOOHYHO
RI WKH HQFRGHU $05 HIIHFW LV H[SODLQHG WKURXJK WKH VSLQRUELW LQWHUDFWLRQ RI WKH
YDOHQFH HOHFWURQV LQ QLFNHO DQG LURQ PDLQ WZR LQJUHGLHQWV LQ VHQVLQJ PDWHULDO
SHUPDOOR\ 7KH ODWWHU LV XVXDOO\ GHSRVLWHG RQ D VLOLFRQ ZDIHU WKRURXJK
SKRWROLWKRJUDSKLF WHFKQLTXH ,WV WKLQILOP VWUXFWXUH DOORZV XV WR DSSUR[LPDWH LWV
PDJQHWLFSURSHUWLHVZLWKDVLQJOHPDJQHWLFGRPDLQ7KH6WRQHU:RKOIDUWKPRGHOZDV
XVHG WR GHVFULEH WKH RULHQWDWLRQ RIPDJQHWL]DWLRQ RI WKHPDWHULDO LQ GHSHQGHQFH RI
H[WHUQDOPDJQHWLFILHOGVWUHQJWKDQGWKHDQLVRWURS\DORQJWKHHDV\D[LVRIWKHGRPDLQ
$IWHUPRGHOLQJDVPDOOSLHFHRISHUPDOOR\WKHPRGHOZDVH[WHQGHGWRDZKROHVHQVRU
DUHDZKHUHSDUWVRIWKHPDWHULDODUHH[SRVHGWRGLIIHUHQWH[WHUQDOILHOGVDFFRUGLQJWR
WKHLUVSDWLDOSRVLWLRQ7KXVZHKDYHVKRZQWKDWK\VWHUHVLVEHKDYLRURI$05FDQEH
H[SODLQHGWKURXJKWKHHQHUJ\HTXLOLEULXPRIHDFKPDJQHWLFGRPDLQ
;;9, $EVWUDFW

)XUWKHUPRUHZHSUHVHQWWKHILHOGRIPDWKHPDWLFDOK\VWHUHVLVPRGHOLQJ$ORQJ
ZLWKWKHSK\VLFDOXQGHUVWDQGLQJRIWKHSKHQRPHQDZHZHUHDEOHWRFRQVWUXFWDQHZ
PRGHOEDVHGRQªGRPDLQ©RSHUDWRUIURPWKHIDPLO\RIPDWKHPDWLFDORSHUDWRUVSOD\
+\VWHUHVLV HIIHFW LV FDOFXODWHG DV D ZHLJKWHG VXP RI VWDWHV RI GRPDLQV 6RPH
DGDSWDWLRQVPXVW EH LQWURGXFHG GXH WR WKH SHULRGLF QDWXUH RI WKH LQSXW DQG RXWSXW
TXDQWLW\DVZHDUHPHDVXULQJWKHSRVLWLRQZLWKLQDPDJQHWLFSHULRG7KHUHVXOWVRIWKH
VLPXODWLRQZHUH TXDOLWDWLYHO\ FRPSDUHG WR WKHPHDVXUHPHQWV 7KHPRGHOZDV WKXV
YHULILHGIRUWKHFKRVHQVHWRISDUDPHWHUV
:H KDYH SURSRVHG D URXWLQH WKURXJK ZKLFK RQH LV DEOH WR PHDVXUH WKH
SDUDPHWHUV RI WKH K\VWHUHVLV RI D VHQVRU XQGHU JLYHQ FLUFXPVWDQFHV ULGH KHLJKW
WHPSHUDWXUH WKH VWUHQJWK RI WKH DFWXDWRU« 7KH PHDVXUHG SDUDPHWHUV DUH WKHQ
WUDQVIRUPHG LQWR LQSXW SDUDPHWHUV IRU WKHPRGHO 7KXV RQH FDQ DGMXVW WKH ODJJLQJ
GRPDLQPRGHO0='WRWKHLUV\VWHPLQDVWDEOHDQGUREXVWZD\
,QRUGHUWRTXDQWLWDWLYHO\GHVFULEHWKHHIIHFWLYHQHVVRIWKHPRGHODQGODWHUWKH
FRPSHQVDWLQJDOJRULWKPDFULWHULRQIXQFWLRQZDVSURSRVHGZKLFKFDOFXODWHVWKHYDOXH
RIDQLQGLFDWRU30+DQJ+0(WKHHUURURIHQFRGHUGXHWRK\VWHUHVLV
7KH0='PRGHOZDVILQDOO\LPSOHPHQWHGLQWRILUPZDUHRIDQHQFRGHUDQGXVHG
IRU K\VWHUHVLV HUURU FRPSHQVDWLRQ 7KH DOJRULWKP ZDV WHVWHG RQ D JURXS RI
PDJQHWRUHVLVWLYH VHQVRU VDPSOHV RI YDULRXV W\SHV 7KH HUURU GXH WR K\VWHUHVLV KDV
GHFUHDVHGIRUXSWRZKHQWKHFRPSHQVDWLRQZDVSURSHUO\DSSOLHG7KHGXW\F\FOH
RIWKHHQFRGHUZDVQRWVLJQLILFDQWO\SURORQJHG7KXVZHKDYHSURYHQWKHXVDELOLW\RI
WKHSURSRVHGDOJRULWKPIRUFRPSHQVDWLRQRIWKHK\VWHUHVLVHUURUEDVHGRQWKHODJJLQJ
GRPDLQPRGHO7KHDOJRULWKPZDVSUHVHQWHGWRWKHVFLHQWLILFFRPPXQLW\LQ>@


.H\ZRUGV DQLVRWURSLFPDJQHWRUHVLVWLYH VHQVRUK\VWHUHVLV OLQHDUDQG URWDU\
HQFRGHUVODJJLQJGRPDLQPRGHO






 8YRG
$QDOL]H >@ >@ QHGDYQHJD UD]YRMD LQGXVWULMH QDSRYHGXMHMR GD ERPR WXGL Y
SULKDMDMRþHP GHVHWOHWMX SULþD UDVWL WUJD PDJQHWQLK GDMDOQLNRY âH SRVHEHM VH ER
SRYHþDOD XSRUDED PDJQHWRXSRURYQLK WHKQRORJLM N þHPHU ER ]ODVWL SULVSHYDOD UDVW
XSRUDEH OHWHKY]GROå FHORWQHYHULJHDYWRPRELOVNH LQGXVWULMH7LSDODQDDQL]RWURSQL
PDJQHWRXSRURYQLSULQFLS$05VRåHGDQHVPRþQRUD]ãLUMHQDYGDMDOQLNLKSRORåDMD
]DUDGLVYRMHUREXVWQRVWLLQUHODWLYQRGREUHWRþQRVWL>@YHQGDUVH]DUDGLQDUDãþDMRþLK
]DKWHYYHGQR]QRYDVUHþXMHPRVSRWUHERSRQDGDOMQMLKL]EROMãDYDK
(QD RG SHUHþLK WHåDY V NDWHUR VH VRRþDPR SUL XSRUDEL $05 WLSDO MH SRMDY
KLVWHUH]H>@=DUDGLIHURPDJQHWQLKODVWQRVWLVHQ]RUVNHJDPDWHULDODGDMDOQLNL]ND]XMH
SURVWRUVNRþDVRYQRQHRGYLVQRRGVWRSDQMHRGWRþQHPHULWYH6WHPVHSRVODEãDWDNR
WRþQRVWNRWSRQRYOMLYRVWVLVWHPD>@9åHOMLGDELSUREOHPRPLOLOLQHGDELVSUHPLQMDOL
VHVWDYRGDMDOQLNDSRVNXãDPRQDMWLSRVWRSHNVNDWHULPELWRþQRVWQDNQDGQRL]EROMãDOL
V SRPRþMR NRPSHQ]DFLMH SRJUHãND KLVWHUH]H 9 WD QDPHQ MH SRWUHEQR RURGMH ]D
SUHGYLGHYDQMH YSOLYD KLVWHUH]H QD PHULOQL UH]XOWDW SUL GDQHP JLEDQMX GDMDOQLND
$OJRULWHP PRUD ELWL UDþXQVNR GRYROM HQRVWDYHQ GD ODKNR WHþH Y UHDOQHP þDVX QD
PLNURNUPLOQLNXYVDPHPYJUDGQHPVLVWHPXWHUSULWHPQHYQDãDELVWYHQLK]DNDVQLWHY
9 SULþXMRþHP GHOX VPR QDMSUHM SUHGVWDYLOL NRQFHSW LQGLUHNWQHJD PHUMHQMD
SRPLND R]LURPD ]DVXND V SRPRþMR PDJQHWQHJD QRVLOFD LQIRUPDFLMH LQ XVWUH]QLK
PDJQHWRXSRURYQLKVWUXNWXU3RMDVQLOLVPRGHORYDQMH$05WLSDODWHUIL]LNDOQRR]DGMH
KLVWHUH]QHJDHIHNWDNLJDVSUHPOMD9QDGDOMHYDQMXVOHGLSUHJOHGREVWRMHþLKQDþLQRY
PRGHOLUDQMDKLVWHUH]HLQDQDOL]DQMLKRYLKSRGURþLMXSRUDEH=R]LURPQDVOHGQMHVPR
]JUDGLOL ODVWHQPRGHOKLVWHUH]HSULPHUHQ]DSUHGYLGHYDQMHREQDãDQMDREUDYQDYDQLK
$05WLSDO7DWDNRLPHQRYDQLPRGHO]DRVWDMDMRþLKGRPHQ0='VPRQDGJUDGLOLY
DOJRULWHP ]D VSURWQR NRPSHQ]DFLMR SRJUHãND SUHGVWDYLOL SRVWRSHN ]D XPHUMDQMH
SDUDPHWURY QD NRQFX SD XVSHãQRVW SRVWRSND SUHYHULOL QD WHVWQL VNXSLQL
PDJQHWRXSRURYQLKWLSDO



 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD
.OMXþQL HOHPHQW YVDNHJD VLVWHPD ]D QDG]RU JLEDQMD DOL SRORåDMD MH PHULOQLN
UHJXOLUDQHYHOLþLQH=YLãDQMHPVWRSQMHDYWRPDWL]DFLMH LQGXVWULMHVNXSDM]UDVWRþLPL
]DKWHYDPLSR WRþQRVWL DSOLNDFLM WDNR UDVWH WXGLSRWUHEDSRYLVRNRWRþQLK UREXVWQLK
]DQHVOMLYLKLQFHQRYQRGRVWRSQLKGDMDOQLNLKSRORåDMD
1DSRGURþMXOLQHDUQLKLQURWDFLMVNLKDSOLNDFLMVHSRJRVWRXSRUDEOMDMRGDMDOQLNLQD
NDSDFLWLYQL LQGXNWLYQL RSWLþQL DOL PHKDQVNL SULQFLS L]VWRSD SD WXGL XSRUDED
PDJQHWQLKGDMDOQLNRYVDM LPDMRQHNDM L]UD]LWLKSUHGQRVWL/DKNRGHOXMHMRY L]UHGQR
QHSULMD]QLKRNROMLKNLYNOMXþXMHMRXPD]DQLMRNHPLNDOLMHSUDKWHPSHUDWXUQDQLKDQMD
LQ YLEUDFLMH >@1RVLOHF LQIRUPDFLMH R SRORåDMXPHUMHQFD MHPDJQHWQR SROMH NL JD
GRORþD PDJQHWQL WUDN REURþ DOL GUXJ YLU 3ROMH PHUL PHULOQD JODYD V WLSDORP
REþXWOMLYLP QD PDJQHWQR SROMH NL QD SRGODJL PHULWYH GRORþL VYRMR OHJR JOHGH QD
PDJQHWQLQRVLOHFLQVWHPSRORåDMPHUMHQFDNRWSULND]XMHVOLND

9 SULþXMRþHP GHOX VPR VH RVUHGRWRþLOL QD PDJQHWQH OLQHDUQH LQ URWDFLMVNH
NRGLUQLNHSULNDWHULKQRVLOHFLQIRUPDFLMHJHQHULUDPDJQHWQRSROMHVSUHPHQOMLYHVPHUL
9HþLQRPDJUH]DPDJQHWQHWUDNRYH]L]PHQLþQRQDPDJQHWHQLPLSROLQDGNDWHULPLVH
SUHPLNDþLWDOQDJODYD LQ ãWHMH ãWHYLORSUHKRGRYSRORY KNUDWL SDXJRWDYOMD WXGL ILQR
DEVROXWQRSR]LFLMR]QRWUDMSRVDPH]QHPDJQHWQHSHULRGH

6OLND3ULPHULOLQHDUQLKPDJQHWQLKGDMDOQLNRYSRPLND>@
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

 .RQFHSWL]EUDQHJDPDJQHWQHJDGDMDOQLNDSRPLND
0DJQHWQLGDMDOQLNVHVWDYOMDMRãWLUMHORJLþQLVNORSLYLUPDJQHWQHJDSROMDWLSDOR
PDJQHWQHJDSROMD HOHNWULþQRYH]MH]DREGHODYRVLJQDOD WHUXSRUDEQLãNLYPHVQLN]D
NRPXQLNDFLMR0DJQHWQL YLU MH SRJRVWR L]YHGHQ Y REOLNL HODVWRIHULWQHJD OLQHDUQHJD
WUDNXQD WRJLNRYLQVNLSRGORJL NL MH L]PHQLþQRPDJQHWL]LUDQY VPHUL Y R]LURPD L]
UDYQLQH WUDNX VOLND0DJQHWQLSUHWRN NL JD SRY]URþD UHPDQHQWQLPDJQHWL]HP
HODVWRIHULWD VH ]DNOMXþXMH PHG VRVHGQMLPL PDJQHWQLPL SROL NRW SULND]XMH UH]XOWDW
QXPHULþQHVLPXODFLMHSROMDQDVOLNL2SD]LPRGDVHQDSROMXEQLILNVQLYLãLQLQDG
WUDNRPVPHU LQ DPSOLWXGDJRVWRWHPDJQHWQHJDSUHWRNDSRQDYOMDWD VSHULRGR HQDNR
SHULRGLPDJQHWHQMDȜ7UDNVHODKNRY]GROåQRSUHPLNDJOHGHQDþLWDOQRJODYRLQWDNR
WXGLVOHGQMD]D]QDYDWRSHULRGLþQRVWPDJQHWQHJDSROMD


6OLND3ULND]SHULRGLþQHPDJQHWL]DFLMHHODVWRIHULWQHJDWUDNX]PDJQHWQLPLQGLNDWRUMHP

6OLND5H]XOWDWQXPHULþQHVLPXODFLMHJRVWRWHPDJQHWQHJDSUHWRNDQDGHODVWRIHULWQLP
WUDNRPVSHULRGRPP
.RQFHSWL]EUDQHJDPDJQHWQHJDGDMDOQLNDSRPLND 

ýLWDOQDJODYDYVHEXMHHOHNWULþQRYH]MHNDWHUHJDNOMXþQDHOHPHQWDVWDWLSDOR]D
]D]QDYDQMH DPSOLWXGH DOL VPHUL PDJQHWQHJD SROMD WHU PLNURNUPLOQLN ]D REGHODYR
VLJQDORYL]VHQ]RUMDLQQMLKRYRSUHWYRUERYLQIRUPDFLMRRPHGVHERMQHPSRORåDMXJODYH
LQWUDNX6HVWDYRPHULOQHJDVLVWHPDVKHPDWLþQRSULND]XMHVOLND
ýHELVHSRPLNDOLY]GROåRVL[QDL]EUDQLYLãLQL ൌ ݄଴QDGWUDNRPELSROMHܤሬԦ
QDYLGH]QRYUWHOR VYRMR VPHUY[] UDYQLQL1D VOLNL  WR VPHUR]QDþXMHNRWĮ NL
QDUDãþD RG  GR  NR þLWDOQD JODYD SUHSRWXMH GROåLQR PP R] HQHPDJQHWQH
SHULRGH HQDþED  ,]NDåH VH GD MH DPSOLWXGD ȁܤሬԦȁ QD ILNVQL YLãLQL SULEOLåQR
NRQVWDQWQDNRWSRWUMXMHUH]XOWDWQXPHULþQHVLPXODFLMHVVOLNH2ESR]QDYDQMXVPHUL
PDJQHWQHJDSROMDWRUHMODKNRGRORþLPROHJRþLWDOQHJODYHJOHGHQDPDJQHWQLSRO
עܤሬԦ ൌ ߙ ן
ݔ
ߣ
 
7LSDORVHQDPDJQHWQRSROMHRG]RYH]QDSHWRVWMRQDSULNOMXþQLKVSRQNDK,]NDåH
VH GD V SUDYLOQR SRVWDYLWYLMRPDJQHWRXSRURYLK HOHPHQWRY Y SROMH QDGPDJQHWQLP
WUDNRPODKNRGRVHåHPRRG]LYVLQXVQHREOLNHJOHGHQD[NRRUGLQDWRR]LURPDY]GROåQL
SRPLNWUDNXJOHGHQDJODYR=DQDSHWRVWQDSULNOMXþQLVSRQNL ௦ܷWRUHMYHOMD
௦ܷ ן  ൬
ʹߨݔ
ߣ
൰Ǥ 
6LQXVQDIXQNFLMD]QRWUDMHQHSHULRGHQLELMHNWLYQD]DWRQH]DGRãþD]DHQR]QDþHQ
L]UDþXQ SRORåDMD JOHGH QD PDJQHWQL SRO 'D GRVHåHPR HQR]QDþQR GRORþHQR VOLNR

6OLNDýLWDOQDJODYDQDGPDJQHWQLPWUDNRP
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

GRGDPRãHHQPHULOQLPRVWLþ]]DPLNRPLQWDNRSULGRELPRãHHQQDSHWRVWQLVLJQDO
௖ܷNLMHID]QR]DPDNQMHQ]DþHWUWLQRSHULRGHNDUPXGDMHREOLNRIXQNFLMHNRVLQXV
௖ܷ ן  ൬
ʹߨݔ
ߣ
൰ 
3RORåDM]QRWUDMPDJQHWQHSHULRGHݔොODKNRVHGDMSRHQRVWDYOMHQRL]UDþXQDPRNRW
ݔො ൌ
ߣ
ʹߨ

ሺʹߨݔȀߣሻ
ሺʹߨݔȀߣሻ
ǡ 
SULþHPHUXSRãWHYDPRãHSUHG]QDNHSRVDPH]QLKVLJQDORYLQVWHPXVWUH]QLNYDGUDQW
&HORWQRLQIRUPDFLMRRSRORåDMXQDWRVHVWDYLPRL]JUREHLQNUHPHQWDOQHSR]LFLMH
ãWHYLOR SUHYRåHQLK SHULRG WHU ILQH DEVROXWQH SR]LFLMH ]QRWUDM SHULRGH Y NDWHUL VH
WUHQXWQR QDKDMDPR 1D WD QDþLQ GRELPR WDNR LPHQRYDQL LQNUHPHQWDOQL GDMDOQLN
SRORåDMDNLPHUL UHODWLYQLSRPLNRG WUHQXWNDYNORSDR]LURPDSUHYRåHQH UHIHUHQþQH
WRþNH7RþQRVWWDNãQHJDGDMDOQLNDMHRGYLVQDRGWRþQRVWLPDJQHWQHJD]DSLVD]XQDQMLK
PRWHþLKGHMDYQLNRYWHUL]ELUHLQNRQILJXUDFLMHVHQ]RUVNLKHOHPHQWRY
 7LSDOD]D]D]QDYDQMHPDJQHWQHJDSROMD
= PHUMHQMHP PDJQHWQHJD SROMD VH þORYHãWYR XNYDUMD åH YVH RG RGNULWMD
XSRUDEQRVWL NRPSDVD'DQHV MHQDMEROM UD]ãLUMHQR WLSDOR ]D ]D]QDYDQMHPDJQHWQHJD
SROMD +DOORY VHQ]RU SUL NDWHUHP /RUHQW]RYH VLOH SRY]URþLMR RGNORQ HOHNWULþQLK
QRVLOFHY LQ WDNR QDSHWRVW QD L]KRGQLK VSRQNDK 7D MH SURSRUFLRQDOQD NRPSRQHQWL
JRVWRWHPDJQHWQHJDSUHWRNDSUDYRNRWQLQDUDYQLQRVHQ]RUMD>@
.OMXEãWHYLOQLPSUHGQRVWLP+DOORYLKVHQ]RUMHYNRWVRHQRVWDYQRVWLQFHQRYQD
XJRGQRVWSDVH]DUDGLQMLKRYHYHOLNHWHPSHUDWXUQHRGYLVQRVWLSRUDEHLQHQRVPHUQHJD
RGVWRSDQMDQLþHOQHYUHGQRVWLSRMDYOMDSRWUHEDãHSRGUXJLKSULQFLSLK]DPHUMHQMH7DNR
VH YVH EROM XSRUDEOMDMR WLSDOD QD SULQFLS PDJQHWRXSRUQRVWL ± WDNR LPHQRYDQL 05
VHQ]RUML>@
0DJQHWRXSRUQRVW DQJ PDJQHWRUHVLVWDQFH MH ODVWQRVW QHNDWHULK PDWHULDORY
R]LURPDVWUXNWXUGDVHQMLKRYDXSRUQRVWVSUHPHQLSRGYSOLYRPPDJQHWQHJDSROMDýH
WHVSUHPHPEHXSRUQRVWLPHULPRODKNRSULGRELPRLQIRUPDFLMRRPDJQHWQHPSROMXLQ
MLK WRUHM XSRUDELPR NRW VHQ]RUMH 3R]QDPR WLSDOD QD DQL]RWURSQLPDJQHWRXSRURYQL
HIHNW $05 WXQHOVNL PDJQHWRXSRURYQL HIHNW 705 >@ >@ JLJDQWVNL
PDJQHWRXSRURYQLHIHNW*05>@±>@LQNRORVDOQLPDJQHWRXSRURYQLHIHNW&05
6OHGQMLãHQLUD]YLWGRWHPHUHGDELELONRPHUFLDOQRUD]ãLUMHQ
7LSDORQDDQL]RWURSQLPDJQHWRXSRURYQLSULQFLS 

 7LSDORQDDQL]RWURSQLPDJQHWRXSRURYQLSULQFLS
3RMDYDQL]RWURSQHPDJQHWRXSRUQRVWLMHåHOHWDRGNULO:LOOLDP7KRPSVRQ
/RUG.HOYLQ>@8JRWRYLOMHGDVHXSRUQRVWåHOH]DãHEROMSDQLNOMDSRYHþDþH
PDWHULDOL]SRVWDYLPRPDJQHWQHPXSROMXY]SRUHGQHPXVVPHUMRHOHNWULþQHJDWRNDýH
MHSROMH]DVXNDO]DJOHGHQDWRNVHMHXSRUQRVW]PDQMãDOD,]NDåHVHGDMHXSRUQRVW
QHNDWHULKPDWHULDORYRGYLVQDRGNRWDPHGWRNRYQRJRVWRWRLQPDJQHWL]DFLMRNLMHQD
VOLNLR]QDþHQ]Į
 0DJQHWRXSRURYQLPDWHULDO
1DMEROML]UD]LWLPDJQHWRXSRURYQLPDWHULDOLVRUD]OLþQHQLNOMHYH]OLWLQHQDSULPHU
1L)H1L&R LQ1L)H&R >@±>@1DMSRJRVWHMãLPDWHULDO ]D L]GHODYR$05 WLSDO MH
SHUPDORM ± ]OLWLQD 1L)H Y UD]PHUMX SULEOLåQR  ,]ND]XMH SULEOLåQR 
VSUHPHPERXSRUQRVWLY]URNH]DWRSDQDMGHPRYDWRPVNL]JUDGELHOHPHQWRY>@
2ELþDMQR VH PDWHULDO XSRUDEOMD Y REOLNL WDQNHJD ILOPD NL JD QDQDãDPR V
IRWROLWRJUDIVNLPL SRVWRSNL 6OHGQML RPRJRþDMR L]GHODYR L]UHGQR ILQLK JHRPHWULM V
þLPHUODKNRRSWLPL]LUDPRVNXSQRXSRUQRVWWRNRYQRSRUDERSURVWRUVNRUD]SRUHGLWHY
RSWLPL]DFLMR]DUD]OLþQHGROåLQHPDJQHWQHSHULRGHLQSRGREQR3HUPDORMYREOLNLWDQNH
SODVWLMHWXGLSULPHUHQ]DDQDOL]RLQVLPXODFLMHVDMQMHJRYRREQDãDQMHODKNR]HORGREUR
RSLãHPRåHVSULEOLåNRPHQHVDPHPDJQHWQHGRPHQH>@

6OLND8SRUQRVW$05PDWHULDODMHRGYLVQDRGNRWDPHGWRNRYQRJRVWRWRLQ
PDJQHWL]DFLMR
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

.OMXEQDYHGHQLPSUHGQRVWLP WDQNLK ILPRYSDSR]QDPR WXGL WLSDOQHHOHPHQWH
GUXJDþQLKREOLNQDSULPHUPLNURYODNHQVNHVWUXNWXUH>@>@LQQDQRåLFH>@>@
 )L]LNDOQRR]DGMH$05HIHNWD
2VQRYR]DUD]ODJR$05HIHNWDMHVVYRMLPLUD]LVNDYDPLSRVWDYLO6PLW>@OHWD
(IHNWMHSUHGVWDYLOVSRPRþMR0RWWRYHJDPRGHODGYHKWRNRY>@SRGUREQHMH
REUD]ORåHQLP Y SRJODYMX  5D]ODJD MH ELOD UD]ãLUMHQD LQ GRSROQMHQD ]
XSRãWHYDQMHPVSLQVNRRUELWDOQHLQWHUDNFLMH>@LQVLSDQMDVLQGHOHNWURQRY>@±>@
.RWODKNRUD]EHUHPRL]SHULRGQHJDVLVWHPDHOHPHQWRYQDVOLNLVSDGDWDQLNHOM
LQåHOH]RPHGWDNRLPHQRYDQHSUHKRGQHHOHPHQWH=DUD]XPHYDQMHSRMDYDDQL]RWURSQH
PDJQHWRXSRUQRVWLMHNOMXþQHJDSRPHQDQMXQDHOHNWURQVNDNRQILJXUDFLMD

(OHNWURQVNDNRQILJXUDFLMDQLNOMDLQåHOH]D
1L>$U@V ՛՝ G ՛՝  ՛՝  ՛՝  ՛  ՛ 
)H>$U@V ՛՝ G ՛՝  ՛  ՛  ՛  ՛ 

7DNRQLNHOMNRWåHOH]RVSDGDWDPHGSUHKRGQHHOHPHQWH7RSRPHQLGD LPDWD
GHOQR]DSROQMHQRGRUELWDOR=DSUHKRGQHHOHPHQWHþHWUWHSHULRGHYHOMDGDVHOHNWURQL
SUHGVWDYOMDMRYHþLQVNHQRVLOFHHOHNWULþQHJDWRND]DUDGLVYRMHPDMKQHHIHNWLYQHPDVH
NL MH SULPHUOMLYD ] HIHNWLYQR PDVR SURVWLK QRVLOFHY QDERMD 3R GUXJL VWUDQL LPDMR
HOHNWURQLL]GOXSLQHYHOLNRHIHNWLYQRPDVRLQQL]NRPRELOQRVW=L]UD]RPHIHNWLYQD

6OLND3RORåDMQLNOMDLQåHOH]DYSHULRGQHPVLVWHPXHOHPHQWRY
)L]LNDOQRR]DGMH$05HIHNWD 

PDVDLPHQXMHPRQDYLGH]QRPDVRNLMRL]ND]XMHGHOHFNDGDUVHRG]LYDQD]XQDQMHVLOH
DOLYSOLYHVRVHGQMLKGHOFHY

6OLNDSULND]XMHVKHPDWLþQRJRVWRWRYHUMHWQRVWLVWDQMQLNOMDUD]GHOMHQRJOHGH
QDVSLQHOHNWURQRYRESULVRWQRVWL]XQDQMHJDPDJQHWQHJDSROMD3UL)HUPLMHYHPQLYRMX
VH YVL HOHNWURQL V NYDQWQLP ãWHYLORP VSLQD  Y QDGDOMHYDQMX R]QDND Ĺ ODKNR
QDKDMDMR OHYSUHYRGQHPVWDQMXYRUELWDOL VPHGWHPNRVHHOHNWURQLVVSLQRP
R]QDNDĻODKNRQDKDMDMRWDNRYSUHYRGQHPVNRWYVODERSUHYRGQHPGVWDQMXUD]ODJD
SR&DPSEHOOHWDO>@>@.DGDUGRUELWDODQLSROQDMHPRåHQSUHKRGVHOHNWURQRY
YGRUELWDOR=DUDGLQHVLPHWULMHVHGĹRUELWDODQDSROQLSUHMNRWGĻ9SULPHUXQLNOMD
NL LPDGĹSRG)HUPLMHYLPQLYRMHP]DWRQLPRåHQSUHKRG L]VĹYGĹ/DKNRSDVĻ
HOHNWURQLSUHKDMDMRYGĻ6OLNDNDåHGDVHHOHNWURQLĹODKNRVLSDMROHL]VĹYVĹ
VWDQMDGĹVWDQMDSDSUL)HUPLMHYLHQHUJLMLQLVRPRJRþD1DVSURWQRODKNR]DHOHNWURQH
ĻSULGHWXGLGRVLSDQMDHOHNWURQRYL]VĻYGĻ,]NDåHVHGDYWHPSULPHUXVGVLSDQMH
SUHYODGXMHQDGVVVLSDQMHP=DYHþLQRSULPHVLYHOMDGDMHGHOQDVSHFLILþQDXSRUQRVW
ߩ՝NMHUVHSRMDYOMDWDNRVGNRWVVVLSDQMHYHþMDRGߩ՛VDPRVVVLSDQMH
6HGDMSDXSRãWHYDMPRãHVSLQVNRRUELWDOQRVNORSLWHY7DGRYROMXMHPHãDQMHGĻ
LQGĹVWDQM=DUDGLSUHKDMDQMDGĹYGĻVWDQMHERGRQDVWDODSURVWDGĹPHVWDLQRPRJRþLOD

6OLND6KHPDWL]LUDQDNULYXOMDJRVWRWHYHUMHWQRVWLVWDQM]DIHURPDJQHWQL1LUD]GHOMHQD
JOHGHQDVSLQHOHNWURQRY>@>@±>@
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

VĹGĹVLSDQMHGĻGĹPHãDQMHQLL]RWURSQRNHUVPHUPDJQHWL]DFLMHYSOLYDQDVSLQVNR
RUELDOQRLQWHUDNFLMR,]L]UDþXQRYL]YHGHQLKY>@LQ>@ODKNRUD]EHUHPRGDVHGHO
QRVLOFHYQDERMDVVSLQRPĻSUHWYRULYQRVLOFHVVSLQRPĹLQWDNRVSUHPHQLUD]PHUMH
PHGߩ՝ LQߩ՛7DHIHNW MHSULEOLåQRGYDNUDWYHþML]DHOHNWURQHNLVHJLEOMHMRY]GROå
VPHULPDJQHWL]DFLMHNRW]DWLVWHNLVHJLEOMHMRSUDYRNRWQRQDQMR=DWRMHVSHFLILþQD
XSRUQRVWPDWHULDOD ORQJLWXGLQDOQRJOHGH QD VPHUPDJQHWL]DFLMH YHþMD RG VSHFLILþQH
XSRUQRVWLSUHþQRQDPDJQHWL]DFLMR5D]PHUMHPHGWRNRPHOHNWURQRYVVSLQRPJRULQ
WLVWLKVVSLQRPGROMHELVWYHQHJDSRPHQD]DDQL]RWURSLMR>@
ߩצ ൐ ߩୄ 
 0RGHOGYHKWRNRY
=JRUQMHXJRWRYLWYHODKNRSUHGVWDYLPR]QDGRPHVWQLPYH]MHPNMHUUD]OLþQLYHML
SUHGVWDYOMDWDUD]OLþQHQRVLOFHWRND>@7RNWRUHMODKNRUD]GHOLPRQDGYDGHOD3UYHJD
SUHGVWDYOMDJLEDQMHVHOHNWURQRYVVSLQRPJRU]PDJQHWQLPPRPHQWRPY]SRUHGQLP
PDJQHWL]DFLMLPDWHULDODGUXJHJDSDJLEDQMHHOHNWURQRYVVSLQRPGRODQWLSDUDOHOQR
PDJQHWL]DFLML1DGRPHVWQRHOHNWULþQRYH]MHSULND]XMHVOLND9VDNRGWHKWRNRYMH
GRORþHQVVSHFLILþQLPDXSRUQRVWPDߩ௦௦LQߩௗ௦NLRSLVXMHWDXSRUQRVWHOHNWURQRYVVV
R]LURPDVGVLSDQMHP6NXSQRXSRUQRVWL]UDþXQDPRNRW
ͳ
ߩ
ൌ
ͳ
ߩ௦௦ ൅ ߩ௦՛ௗ՛
൅
ͳ
ߩ௦௦ ൅ ߩ௦՝ௗ՝
Ǥ 
,]]JRUDMQDSLVDQHJDVOHGLGDSULVRWQRVWY]SRUHGQHJDPDJQHWQHJDSROMDSRY]URþL
YHþVGVLSDQMDVþLPHUVHVNXSQDXSRUQRVWQDGRPHVWQHJDYH]MDSRYHþD
 0DWHPDWLþQLRSLVRG]LYD$05WLSDOD
2KPRY]DNRQ]DKRPRJHQPDWHULDO

6OLND0RGHOGYHKWRNRY
0DWHPDWLþQLRSLVRG]LYD$05WLSDOD 

ܧሬԦ ൌ ߩܬԦ 
SRYH]XMHHOHNWULþQRSROMHLQWRNRYQRJRVWRWRSUHNRVSHFLILþQHXSRUQRVWL
.RSD$05PDWHULDOL]SRVWDYLPRPDJQHWQHPXSROMXVHVSHFLILþQDXSRUQRVWY
VPHUL L]]YDQHPDJQHWL]DFLMHSRYHþD6NODGQR]XJRWRYLWYDPLL]SUHMãQMHJDSRJODYMD
SRVWDQH WRUHM XSRUQRVW RGYLVQD RG VPHUL PDJQHWL]DFLMHܯሬሬԦ 2G WRG VOHGL WXGL LPH
DQL]RWURSQLPDJQHWRXSRURYQLPDWHULDOHQDþERSDPRUDPR]DSLVDWLYWHQ]RUVNL
REOLNL
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቏ ൌ ൥
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ߩ௬௫ ߩ௬௬ ߩ௬௭
ߩ௭௫ ߩ௭௬ ߩ௭௭
൩ ቎
ܬ௫
ܬ௬
ܬ௭
቏ 
6SUHPHPEDVSHFLILþQHXSRUQRVWL]DUDGLPDJQHWL]DFLMHPDWHULDODMHRGYLVQDRG
DEVROXWQH YUHGQRVWL ]XQDQMH PDJQHWQH SROMVNH MDNRVWL NL SRY]URþD PDJQHWL]DFLMR
2GYLVQRVW VSUHPHPEH VSHFLILþQH XSRUQRVWL PDWHULDOD Ɂɏ QRUPLUDQH JOHGH QD
PDNVLPDOQR PRåQR VSUHPHPER NRW SRVOHGLFR $05 HIHNWD ȟɏ RG GDQH JRVWRWH
PDJQHWQHJDSUHWRNDYVPHULSUDYRNRWQRQDWRNୄSULND]XMHVOLND2SD]LPRGD
ODKNR $05 RG]LY UD]GHOLPR QD GYH REPRþML 3UYR MH WDNR LPHQRYDQR REPRþMH
QDVLþHQMDNLVHY]SRVWDYLNDGDUMH]XQDQMHPDJQHWQRSROMHGRYROMPRþQRGDSRYVHP
GRORþDPDJQHWL]DFLMR LQ V WHPXSRUQRVWPDWHULDOD'UXJLSULPHUSD MHREPRþMHSRG
QDVLþHQMHPNRMHL]UDåHQRVW$05RG]LYDRGYLVQDWXGLRGDPSOLWXGHYHNWRUMDܤሬԦ
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

 2G]LYPDWHULDODYREPRþMXQDVLþHQMD
ýHMHPDWHULDOQDPDJQHWHQGRREPRþMDQDVLþHQMDJDODKNRREUDYQDYDPRNRWHQR
VDPRGRPHQR]PDJQHWL]DFLMVNLPYHNWRUMHP
ܯሬሬԦ ൌ ሺܯ  ߙଵ ǡܯ ߙଶ ǡܯ  ߙଷሻǡ 
NMHUNRVLQXVLNRWRYߙଵǡ ߙଶLQߙଷSRPHQLMRSURMHNFLMHQDWULRVQRYQHNULVWDORJUDIVNHRVL
9VWDYLPRYHQDþERLQXJRWRYLPR
ܧሬԦ ൌ ߩܬԦ ൌ ߩ൫ܯሬሬԦ൯ܬԦ ൌ ߩ൫ܯሬሬԦ൯ܬԦ ൌ ߩ ቀሺ ߙଵ ǡ  ߙଶ ǡ  ߙଷሻᇣᇧᇧᇧᇧᇧᇧᇤᇧᇧᇧᇧᇧᇧᇥቁ
ఈሬሬԦ
ܬԦ ൌ ߩሺߙԦሻܬԦǤ 
7RUHMMHWHQ]RUVSHFLILþQHXSRUQRVWLRGYLVHQ]JROMRGߙԦ=XSRãWHYDQMHPNULVWDOQH
VLPHWULMH JD ODKNR SRHQRVWDYLPR UD]YLMHPR Y YUVWR LQ UD]GHOLPR QD VLPHWULþQL LQ
DVLPHWULþQL GHO 3RGUREQD L]SHOMDYD MH L]YHGHQD Y GHOLK >@ >@ >@ >@±>@
YNOMXþXMH SD XSRUDER 2QVDJHUMHYH WHRULMH LUHYHU]LELOQH WHUPRGLQDPLNH >@ >@
1HXPDQQRYHJDSULQFLSDLQ'|ULQJRYHIRUPXOH>@
5H]XOWDWODKNR ]DSLãHPRYYHNWRUVNLREOLNL
ܧሬԦ ൌ ߩୄܬԦ൅ ȟߩߙԦ൫ߙԦ ή ܬԦ൯ ൅ ߩு൫ߙԦ ൈ ܬԦ൯ǡ 

6OLND2EPRþMHGHORYDQMDODKNRUD]GHOLPRQDREPRþMHSRGLQQDGQDVLþHQMHP
0DWHPDWLþQLRSLVRG]LYD$05WLSDOD 

NMHUȟߩ ൌ ߩצ െ ߩୄ7UHWMLþOHQRSLVXMHXSRUQRVW]DUDGL+DOORYHJDHIHNWDLQQHSULVSHYD
NMRXOVNLPL]JXEDPYPDWHULDOX
=DSRHQRVWDYOMHQSULPHUNRODKNRPDJQHWQRSROMHREUDYQDYDPRYVDPRGYHK
GLPHQ]LMDK ODKNR WHQ]RU PDJQHWQH XSRUQRVWL GRGDWQR SRHQRVWDYLPR LQ ]DSLãHPR
RGYLVQRVWXSRUQRVWLRGRULHQWDFLMHYHNWRUMDPDJQHWL]DFLMHJOHGHQDWRNRYQRJRVWRWR
ߩሺߙሻ ൌ ߩୄ ଶ ߙ ൅ߩצ ଶ ߙǡ 
NMHUMHߙUDYQLQVNLNRWPHGܯሬሬԦLQܬԦJOHMVNLFRQDVOLNL2GYLVQRVWODKNR]DSLãHPR
WXGLYREOLNL9RLJW7KRPVRQRYHIRUPXOH
ߩሺߙሻ ൌ ߩୄ ൅ ȟߩ ଶ ߙǤ 
.HUSRJRVWRPDWHULDOXYVLOLPRPDJQHWL]DFLMRYVPHULWRNDߙ ൌ ͲLQWRUHMYHOMD
ܴሺܪ ൌ Ͳሻ ൌ ܴצǡ 
ODKNRHQDþER]DSLãHPRWXGLYREOLNL
ߩሺߙሻ ൌ ߩצ െ ȟߩ ଶ ߙǤ 
=DRSLVPDWHULDODNLJDVHVWDYOMDYHþSRVDPH]QLKNULVWDORYGRPHQMHSRWUHEQR
L]YHVWLLQWHJUDOVNRSRYSUHþHQMHYVHKGRPHQ7RMHYSULVSHYNX>@SRND]DO%LUVVO
LQGRELOUH]XOWDWLGHQWLþHQ9RLJW7KRPVRQRYLIRUPXOL
 2G]LYPDWHULDODSRGQLYRMHPQDVLþHQMD
6SUHPHPERQRUPLUDQHVSUHPHPEHVSHFLILþQHXSRUQRVWLSULPDMKQLKSROMLKODKNR
DSURNVLPLUDPRVNULYXOMRREOLNH
Ɂߩሺȁܤሬറȁሻ
ȟߩ
ൌ
ܣȁܤሬറȁଶ
ͳ ൅ ܥȁܤሬറȁଶ
ǡ 
SULþHPHUVWD$LQ&HNVSHULPHQWDOQRGRORþHQDNRHILFLHQWDSRYH]DQD]DQL]RWURSQLP
UHODNVDFLMVNLPþDVRPLQPRELOQRVWMRHOHNWURQRYYNRYLQDK%SDJRVWRWDPDJQHWQHJD
SUHWRNDYSUHþQLVPHUL>@(QDþEDSUHGYLGHYDSDUDEROLþQRREQDãDQMH]DPDMKQDSROMD
LQQDVLþHQMHSULYHþMLKVOLND
(QDþER ODKNR ]DSLãHPR WXGL Y REOLNL QRUPLUDQL JOHGH QD YUHGQRVW JRVWRWH
PDJQHWQHJDSUHWRNDSULNDWHULSULGHGRQDVLþHQMD3UHGSRVWDYLPRPDJQHWQRSROMHY
VPHUL SUDYRNRWQR QD WRNRYQR JRVWRWR ]DWR Y VSRGQMLK HQDþEDK QDVWRSD Y VNDODUQL
REOLNL
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

ܭ ൌ
Ͷ
ܤ௡௔௦௜«௘௡௝௔
ଶ 

݇஺ெ௉ሺܤሻ ൌ
Ɂߩ
ȟߩ
ሺܤሻ ൌ
ܭܤଶ
ͳ ൅ ܭܤଶ
ǡ

NMHU MH ܭ NRQVWDQWD QDVLþHQMD ȟߩ PDNVLPDOQD VSUHPHPED VSHFLILþQH XSRUQRVWL
NDNUãQD VH SRMDYL SUL ܤ ب ܤ௡௔௦௜«௘௡௝௔ ܤ௡௔௦௜«௘௡௝௔DEVROXWQD YUHGQRVW SROMD NMHU
VSUHPHPED VSHFLILþQH XSRUQRVWL GRVHåH  ȟߩ WHU Ɂߩ WUHQXWQD VSUHPHPED
VSHFLILþQHXSRUQRVWLRGYLVQDRGWUHQXWQHYUHGQRVWLPDJQHWQHJDSROMD
6SUHPHPERVSHFLILþQHXSRUQRVWLQDWRL]UDþXQDPRNRW
Ɂߩሺܤሻ ൌ ȟߩ݇஺ெ௉Ǥ 
SULþHPHUVPRSUHGSRVWDYLOLPDJQHWQRSROMHYVPHULSUDYRNRWQRQDYHNWRU WRNRYQH
JRVWRWH
 ,QWHJUDFLMD$05VWUXNWXUYGDMDOQLN]DPHUMHQMHSRORåDMD
7LSDOD QD SULQFLS DQL]RWURSQH PDJQHWRXSRUQRVWL SRQXMDMR UHãLWHY ]D PQRJH
DSOLNDFLMH >@ >@ >@ 9 LQGXVWULML GDMDOQLNRY SRPLND LQ ]DVXND VR SRJRVWR
XSRUDEOMHQLYNRPELQDFLML]L]PHQLþQRQDPDJQHWHQLPHODVWRIHULWQLPWUDNRPNRWVPR
RSLVDOLYSRJODYMX
3ROMH WUDNX MH QD QL]NLK EUDOQLK UD]GDOMDK GRYROM PRþQR GD WLSDOR GHOXMH Y
REPRþMXQDVLþHQMD0DJQHWL]DFLMDPDWHULDODMHSRYVHPGRORþHQDVVPHUMR]XQDQMHJD
PDJQHWQHJD SROMD Y WHP SULPHUX SROMD NL JD SRY]URþD PDJQHWQL WUDN 8SRUQRVW

6OLND2G]LY$05VHQ]RUMD]DUD]OLþQHYUHGQRVWLܤ௡௔௦௜«௘௡௝௔
,QWHJUDFLMD$05VWUXNWXUYGDMDOQLN]DPHUMHQMHSRORåDMD 

PDWHULDODMHRGYLVQD]JROMRGNRWDPHGWRNRYQRJRVWRWRLQPDJQHWL]DFLMRVNODGQR]
9RLJW7KRPVRQRYRHQDþER
=D GRORþHQRVW VPHUL WRNRYQH JRVWRWH SRVNUELPR V VNUEQLP REOLNRYDQMHP
SRVDPH]QH $05 VWUXNWXUH ± VSUHPHQOMLYHJD XSRUD NDWHUHJD XSRUQRVW åHOLPR þLP
QDWDQþQHMH L]PHULWL 8SRURYQL HOHPHQW L]YHGHPR Y REOLNL SODQDUQR QDQHãHQH WDQNH
SODVWL Y REOLNL WUDNX5D]PHUMHPHG ãLULQR LQ GROåLQR WUDNX MH SULODJRMHQR WDNR GD
VNXSQDXSRUQRVWHOHPHQWDRPRJRþDHQRVWDYQRL]YHGERPHULWYHKNUDWLSDRSWLPL]LUD
WRNRYQRSRUDERLQQLYRWHUPLþQHJDãXPD3ULPHUL]YHGEHYLGLPRQDVOLNL

=DUDGLREOLNHVWUXNWXUHXSRURYQHJDHOHPHQWDYHþLQDWRNRYQHJRVWRWHYPDWHULDOX
SRWHNDYVPHUL\7DNRMHQMHJRYDL]PHUMHQDXSRUQRVWGRORþHQD]JROMVNRWRPPHG
RVMR\LQPDJQHWL]DFLMRPDWHULDODߙVNODGQR]HQDþER
ܴሺߙሻ ൌ ܴୄ ൅ ሺܴצ െ ܴୄሻ ଶ ߙǤ 

6OLND3ULPHUL]YHGEHWLSDODQD$05SULQFLS]JRUDM7LSDORVHVWDYOMDXSRURYQLK
HOHPHQWRYOHYRVSRGDMYH]DQLKYGYRMQL:KHDWVWRQRYPRVWLþ5GHþHMHR]QDþHQDVPHU
WRNDYHOHPHQWX3ULND]DQDMHJHRPHWULMVNDUHODFLMDWRNDPDJQHWL]DFLMHLQ]XQDQMHJDSROMD
HODVWRIHULWQHJDWUDNXGHVQRVSRGDM
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

$PSOLWXGR$05HIHNWDR]QDþLPR]ȟܴ
ܴሺߙሻ ൌ ܴୄ ൅ ȟܴ ଶ ߙ 
R]LURPDYQRUPLUDQLREOLNL
ܴሺߙሻ
ܴୄ
ൌ ͳ ൅
ȟܴ
ܴୄ
ଶ ߙǤ 
=JRUQMDRGYLVQRVW MHJUDILþQRSULND]DQDQDVOLNLSULþHPHUVPRXSRãWHYDOLGD
HIHNW$05XSRUQRVWWLSLþQRVSUHPHQL]DRNROLܴୄ
9 WDNãQHPUHåLPXGHORYDQMD MH VHQ]RUPRJRþHXSRUDEOMDWLNRWGHWHNWRU VPHUL
PDJQHWL]DFLMH LQ V WHP ]XQDQMHJD PDJQHWQHJD SROMD NDU SRJRVWR L]UDEOMDPR ]D
L]GHODYRNRGLUQLNRYSRORåDMDVDMMHRG]LYSUDNWLþQRQHRGYLVHQRGDPSOLWXGH]XQDQMHJD
SROMDLQVWHPRGWLSDOQHUD]GDOMH
6HQ]RUVNLHOHPHQWWRUHMRESUHPLNDQMXQDGPDJQHWQLPWUDNRPY]GROåRVL[SUL
þHPHU MH L]SRVWDYOMHQ URWLUDMRþHPX PDJQHWQHPX SROMX L]ND]XMH VLQXVQL SRWHN
XSRUQRVWL6NODGQR]RSLVRPL]SRJODYMD ODKNR WDNãQHHOHPHQWHXSRUDELPR]D
VHVWDYRPDJQHWQHJDGDMDOQLNDSRORåDMD1DWHPPHVWXSRXGDULPRãHGDSULSUHPLNX
WLSDOD]DHQRPDJQHWQRSHULRGRL]PHULPRGYHSHULRGLVLQXVQHJDQDSHWRVWQHJDVLJQDOD
3HULRGR RG]LYD WLSDOD LPHQXMHPR HOHNWULþQD SHULRGD LQ SUHVWDYOMD HQR SRORYLFR
PDJQHWQH SHULRGH 9 SULPHUX PDJQHWQHJD WUDNX ] GYRPLOLPHWUVNLPL SROL WRUHM
PDJQHWQDSHULRGDXVWUH]DSUHPLNX]D௘PPHOHNWULþQDSD௘PP


6OLND1RUPLUDQRG]LY$05VHQ]RUMDJOHGHQDVPHUPDJQHWL]DFLMH
,QWHJUDFLMD$05VWUXNWXUYGDMDOQLN]DPHUMHQMHSRORåDMD 

2SD]LPR SD GD RSLVDQL RG]LY YVHEXMH WXGL PRþQR HQRVPHUQR NRPSRQHQWR
8SRUQRVWVHQDPUHþVSUHPLQMD OH]DVYRMHFHORWQHYUHGQRVWL JOHM\RVQD VOLNL
3ROHJWHJDQDXSRUQRVWVHQ]RUVNHJDHOHPHQWDODKNRPRþQRYSOLYDMRãHQHNDWHUL
]XQDQMLGHMDYQLNLQDSULPHUVSUHPHPEHWHPSHUDWXUHNDUODKNRSULYHGHGRQDSDNY
PHULWYL'DVHL]RJQHPRSRJUHãNXVHRELþDMQRVLQXVQLVLJQDOSULGRELVSRPRþMRYHþLK
QSUGYHKDOLãWLULKVHQ]RUVNLKHOHPHQWRYYH]DQLKY:KHDWVWRQYPRVWLþ
6NODGQR] HQDþER  SRWUHEXMHPR]D HQR]QDþQRGRORþLWHYSRORåDMD ]QRWUDM
HOHNWULþQHSHULRGHGYDID]QR]DPDNQMHQDVLJQDODVLQXVQHREOLNH7DNRYWLSDORGRGDPR
ãH HQ PRVWLþ VHQ]RUVNLK HOHPHQWRY NL MH SURVWRUVNR XVWUH]QR ]DPDNQMHQ WDNR GD
L]PHUMHQLVLJQDOL]ND]XMHNRVLQXVQLRG]LY3ULPHUSRVWDYLWYHRVPLK$05VWUXNWXUY
SURVWRUQDGPDJQHWQLPWUDNRPWHUSRVOHGLþQRID]QHUHODFLMHQMLKRYLKRG]LYRYSULND]XMH
VOLND3URVWRUVNRR]LURPDORJLþQRHOHNWULþQRYH]DOQRVKHPRSULND]XMHWDVOLNL
LQ$EVROXWQLSRORåDM]QRWUDMSHULRGHGRELPRVNODGQR]HQDþEDPLGR

6OLND2G]LYSRVDPH]QLKXSRURYQLKHOHPHQWRY$05WLSDODJOHGHQDQMLKRYRSURVWRUVNR
UD]SRUHGLWHY
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

3RVDPH]QL XSRURYQL HOHPHQWL VH WRUHM RG]RYHMR JOHGH QD ORNDOQR VPHU
PDJQHWQHJDSROMD
ߙሺݔሻ ൌ עܤሬԦሺݔሻ ൌ ʹߨݔȀߣ 
ߙோ೔ሺݔሻ ൌ ߙ ൬ݔ ൅
݅ߣ
ͺ
൰ Ǣ
݅ א ሼͲǡͳǡʹǡ͵ǡͶǡͷǡ͸ǡ͹ሽ


ܴ௜ሺݔሻ ൌ ܴୄ ൅ ȟܴ ଶ ൬
ʹߨݔ
ߣ
൅
ߨ݅
Ͷ
൰
݅ ൌ Ͳǡͳǡʹǡ ǥ ǡ͹

6KHPDWVNR SRVWDYLWHY$05 WLSDO LQ HOHNWULþQLK SRYH]DYPHGQMLPL SULND]XMH
VOLND
6KHPDWVNLSULND]SURVWRUVNHSRVWDYLWYHSRVDPH]QLKXSRURYQLKHOHPHQWRYQDVOLNL
ODKNRSRHQRVWDYLPRYHOHNWULþQRVKHPRNRWMHSULND]DQDQDVOLNL

6OLND3URVWRUVNDUD]SRUHGLWHYRVPLKXSRURYQLKHOHPHQWRY
,QWHJUDFLMD$05VWUXNWXUYGDMDOQLN]DPHUMHQMHSRORåDMD 

=DSLãHPRHQDþER]DQDSHWRVWQDSULNOMXþQLVSRQNLܷି௖
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
3RGREQRODKNRL]UD]LPRWXGLQDSHWRVWLQDRVWDOLKSULNOMXþQLKVSRQNDK

6OLND(OHNWULþQDVKHPDYH]DYHXSRURYQLKHOHPHQWRY
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

ܷି௦ሺݔሻ ൌ ܷ௏஼஼ ቌ
ܴୄ
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൅
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
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
ܷା௦ሺݔሻ ൌ ܷ௏஼஼ ቌ
ܴୄ
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൅
ȟܴ 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ቍ 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LQSUHREOLNXMHPRY
,QWHJUDFLMD$05VWUXNWXUYGDMDOQLN]DPHUMHQMHSRORåDMD 
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 2JOHMPRVLãHDPSOLWXGRQDSHWRVWLVLJQDORYNLMRERPRR]QDþLOL]ܣ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ܷ௏஼஼
ȟܴ
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
,]PHUMHQHVLJQDOHYNOMXþLPRYHQDþER]DL]UDþXQL]KRGQHJDSRORåDMDR]LURPD
NRWD]QRWUDMSHULRGHLQGRELPR
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.UDMHYQD SRWHND VLJQDORY WHU SULSDGDMRþL L]KRG GDMDOQLND Y RGYLVQRVWL RG
OLQHDUQHJD SRPLND JOHGH QDPDJQHWQR SHULRGR SULND]XMH VOLND  3RYH]DYRPHG
NRWRPPDJQHWQHJDSROMDPHUMHQLKVLJQDORYVLQFRVWHUL]UDþXQDQLPSRORåDMHPNRWD
]QRWUDMHOHNWULþQHSHULRGHSDSULND]XMHVOLND
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD




6OLND3RWHNQDSHWRVWQLKVLJQDORYVLQXVLQNRVLQXVJOHGHQDPDJQHWQRSHULRGR]JRUDM
WHUXVWUH]QLL]KRGQLNRWSRL]UDþXQXIXQNFLMHDUFWDQVSRGDM
6OLND,]KRGQLNRWYUDYQLQLVLJQDORY ௦ܷLQ ௖ܷ
+LVWHUH]D$05WLSDOD 

 +LVWHUH]D$05WLSDOD
9REPRþMXGHORYDQMDYQDVLþHQMXMHPDJQHWL]DFLMDLQVWHPXSRUQRVW$05WLSDOD
VNRUDMSRYVHPGRORþHQDVVPHUMR]XQDQMHJDPDJQHWQHJDSROMDNLJDJHQHULUDPDJQHWQL
WUDNäDOSDQDGHMDQVNRVWDQMHPDJQHWL]DFLMHYSOLYDãHQHNDMSDUD]LWQLKSRMDYRYPHG
QMLPL WHUPLþQL ãXP PDJQHWQH PRWQMH L] RNROLFH WHPSHUDWXUQL YSOLYL LQ XþLQHN
KLVWHUH]H
5HODFLMHPHGPDJQHWQRSROMVNR MDNRVWMRܪሬԦJRVWRWRPDJQHWQHJDSUHWRNDܤሬԦ LQ
PDJQHWL]DFLMRPDWHULDODܯሬሬԦGRORþDMRWLNRQVWLWXWLYQHHQDþEH
ܤሬԦ ൌ ߤ଴൫ܪሬԦ ൅ ܯሬሬԦ൯ ൌ ሺ߯௠ ൅ ͳሻߤ଴ܪሬԦ ൌ ߤ௥ߤ଴ܪሬԦ ൌ ߤܪሬԦǡ 
NMHUMH߯௠PDJQHWQDVXVFHSWLELOQRVWVQRYLߤSHUPHDELOQRVWVQRYLߤ଴SHUPHDELOQRVW
YDNXXPDLQߤ௥ UHODWLYQDSHUPHDELOQRVWVQRYL>@>@9HQRVWDYQLKPHGLMLKVRWL
SDUDPHWULNRQVWDQWQLRGYLVQRVWPHGܤሬԦLQܪሬԦSDMHOLQHDUQD9VSORãQHPSDVHSRJRVWR
VUHþXMHPR ] ]DSOHWHQHMãLPL QHOLQHDUQLPL UHODFLMDPL 3HUPHDELOQRVW VQRYL VH ODKNR
VSUHPLQMDDOLSDQDVWRSDYREOLNLWHQ]RUMD(GHQRGSRVHEQLKSULPHURYVNDWHULPVH
SRJRVWRVUHþXMHPRMHVNXSLQDIHURPDJQHWQLKPDWHULDORYSULNDWHULKUHODFLMRPHGܤሬԦLQ
ܪሬԦXSRGDEOMD]QDþLOQD]DQNDREOLNH6
8SRUDEOMHQLPDWHULDO SHUPDORM VSDGDPHGPHKNH IHURPDJQHWQHPDWHULDOH7R
SRPHQLGDVHYSULVRWQRVWLPDJQHWQHJDSROMDPDJQHWL]LUDYHQGDUREXPLNX]XQDQMHJD
SROMDYHþLQRODVWQHPDJQHWL]DFLMHWXGLL]JXEL>@>@6OLNDSULND]XMHPHULWHY
KLVWHUH]QHNULYXOMHSHUPDORMDNDNUãHQMHELOXSRUDEOMHQSULL]GHODYLYHþLQHWHVWLUDQLK
Y]RUFHY5GHþD NULYXOMD SULND]XMH RG]LYPDWHULDOD QD SROMH SUDYRNRWQR QD UDYQLQR
WLSDOD0DWHULDO VHY WHM VPHULPDJQHWL]LUD ODåMHNRWYGUXJLK3UDYLPRGD L]ND]XMH
L]UD]LWRRVODåMHPDJQHWL]DFLMHDQJHDV\D[LVNDUODKNRYLGLPRL]VWUPHJDSUHVNRND
PHGPDJQHWL]DFLMRYSR]LWLYQRR]LURPDQHJDWLYQRVPHU=DXSRUDERPDWHULDODYWLSDOX
SDMHNOMXþQDPRGUDNULYXOMDNLSULND]XMHSUHL]NXVYVPHULSDUDOHOQL]UDYQLQRWDQNH
VHQ]RUVNHSODVWL9WHMUDYQLQLQDPUHþGHOXMHWXGLPHUMHQRPDJQHWQRSROMHäHOHOLELVL
þLP EROM OLQHDUQR RGYLVQRVW PDJQHWL]DFLMH RG PDJQHWQH SROMVNH MDNRVWL YHQGDU Y
RNROLFLNRRUGLQDWQHJDL]KRGLãþDRSD]LPRGRORþHQRRGVWRSDQMH9QDGDOMHYDQMXERPR
VOHGQMHSRMDVQLOL]UD]ODJRGDREVWDMDMRYPDWHULDOXWXGLPDQMãLQVNDREPRþMD]RVMR
ODåMHPDJQHWL]DFLMHYUDYQLQLVLOLFLMHYHJDþLSDVWLSDORPLQWDNRGRSULQHVHMRNSRMDYX
KLVWHUH]HWXGLYUDYQLQLPHUMHQMD

 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

3RVOHGLFD QHOLQHDUQRVWL PDJQHWL]DFLMH MH GD VWDQMH PDWHULDOD Y WLSDOX QL
HQR]QDþQRGRORþHQR]]XQDQMLPPDJQHWQLPSROMHP1HNDWHULGHOLPDWHULDODVRQDPUHþ
ODKNR SUL HQDNHP Y]EXMDOQHP SROMX Y UD]OLþQLK VWDQMLK RGYLVQLK RG SUHWHNORVWL
5D]OLþQDPDJQHWL]DFLMDSRY]URþLWXGLUD]OLþHQL]PHUMHQRG]LYWLSDOD
9 DSOLNDFLML VH YSOLY SUHWHNOLK VWDQM SRMDYL QDMYHþNUDW Y REOLNL UD]OLþQHJD
SUHGKRGQHJDSRORåDMDPHULOQHJODYH2SDåDPRUD]OLNRYPHULWYLQDLVWHPPHVWXJOHGH
QDWRDOLVHMHSUHGKRGQRWLSDORJLEDORYHQRDOLGUXJRVPHUJOHGHQDPDJQHWQLWUDN
6OLNDSULND]XMH L]PHUMHQLSRJUHãHNPHULWYHJOHGHQDSUDYLSRORåDM L]PHUMHQ]
UHIHUHQþQLP GDMDOQLNRP 3RVOHGLFD KLVWHUH]H MH GD VH NULYXOML SRJUHãND SUL JLEDQMX
QDY]JRU UGHþD R]LURPD QDY]GRO PRGUD QH SUHNULYDWD +LVWHUH]D YSOLYD WDNR QD
WRþQRVWNRWQDSRQRYOMLYRVWPHULWYHLQVWHPPRþQRNYDULQD]LYQHSHUIRUPDQVHL]GHOND

6OLND+LVWHUH]DQDQHãHQHJDWDQNHJDILOPD]DL]GHODYR$05WLSDOSRY]HWRSR0
0DþHN>@
+LVWHUH]D$05WLSDOD 

,]NDåHVHGDVHYSOLYKLVWHUH]HQDPHULWHYPRþQRSRYHþDþHSRYHþDPREUDOQR
UD]GDOMRPHGWLSDORPLQPDJQHWQLPWUDNRP.RWERPRXJRWRYLOLYQDGDOMHYDQMXQD
L]UDåHQRVWKLVWHUH]HPRþQRYSOLYDMRVDPHPDJQHWQHODVWQRVWLPDWHULDODNLVRGRORþHQH
V SURFHVRP L]GHODYH WHU JRVWRWD ]XQDQMHJD Y]EXMDOQHJDPDJQHWQHJD SROMD 6OHGQMR
GRORþD UHPDQHQWQD PDJQHWL]DFLMD HODVWRIHULWD LQ EUDOQD UD]GDOMD VDM JRVWRWD
PDJQHWQHJDSUHWRNDHNVSRQHQWQRXSDGD]RGGDOMHYDQMHPRGSRYUãLQHWUDNX
 5D]ODJDKLVWHUH]H$05WLSDOD
7DQNR SODVW SHUPDORMD VHVWDYOMDMR SRVDPH]QD REPRþMD NL LPDMR ]DUDGL
NULVWDORJUDIVNHXUHGLWYHQHNDWHUHVNXSQHODVWQRVWL0HGGUXJLPMLKODKNRSRYHåHPRY
SRVDPH]QHPDJQHWQHGRPHQH :HLVV >@ ,]NDåHVHGD MHGHOSHUPDORMDPRJRþH
UHODWLYQRGREURREUDYQDYDWL NRW HQR VDPRPDJQHWQRGRPHQR >@7DNãQDGRPHQD
L]ND]XMH GRORþHQR VWRSQMR ODVWQH PDJQHWL]DFLMH 7D PDJQHWL]DFLMD VH Y]SRVWDYL Y
WDNãQHPVPLVOXGDPLQLPL]LUDHQHUJLMRFHORWQHJDVLVWHPD
ýH ]DQHPDULPR PHGVHERMQL YSOLY GRPHQ WHU JLEDQMH GRPHQVNLK VWHQ ODKNR
REQDãDQMH SRVDPH]QHPDJQHWQH GRPHQH RSLãHPR ] XSRUDER 6WRQHU:RKOIDUWRYHJD
PRGHOD
 6WRQHU:RKOIDUWKRYPRGHO
0RGHOMHELOOHWDSUHGVWDYOMHQY>@2EUDYQDYDHQRVDPRGRPHQRNLLPD
ODKNR L]UDåHQR GRORþHQR VWRSQMR DQL]RWURSLMH LQ MH L]SRVWDYOMHQD ]XQDQMHPX
PDJQHWQHPXSROMX0DJQHWL]DFLMDܯሬሬԦMH]QRWUDMFHORWQHGRPHQHNRQVWDQWQD0DWHULDO
L]UDåD HQRRVQR DQL]RWURSLMR GRORþHQR V VPHUMRPDJQHWL]DFLMH Y HQHUJHWVNR QDMEROM

6OLND9SOLYKLVWHUH]HQDSRJUHãHNPHULWYH±RSD]QDUD]OLNDYL]PHUMHQLYUHGQRVWLJOHGH
QDVPHUJLEDQMD
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

XJRGQHP VWDQMX LQ SDUDPHWURP DQL]RWURSLMH ܭ௨ 9HNWRU PDJQHWL]DFLMH VH RE
VSUHPLQMDQMXPDJQHWQHJDSROMDܪሬԦYUWLYUDYQLQLNLMRGRORþDWDRVODåMHPDJQHWL]DFLMH
LQVPHUPDJQHWQHJDSROMD
(QDþEDMHL]SHOMDQDL]L]UD]D]DFHORWQRHQHUJLMRVLVWHPD
ܧ ൌ ܭ௨ܸଶሺ߶ െ ߠሻ െ ߤ଴ܯ௦ܸܪ ߶ǡ 
SUL þHPHU SUHGVWDYOMDMR 9 YROXPHQ PDWHULDOD ܯ௦ PDJQHWL]DFLMD QDVLþHQMD ߤ଴
SHUPHDELOQRVW YDNXXPD LQ ܭ௨ NRQVWDQWD DQL]RWURSLMH PDWHULDOD .RWD ߶ LQ ߠ
SUHGVWDYOMDWDNRWPHGYHNWRUMHP]XQDQMHSROMVNH MDNRVWL LQPDJQHWL]DFLMRPDWHULDOD
R]LURPDRVMRODåMHPDJQHWL]DFLMHVOLND
(QDþERODKNRL]UD]LPRYQRUPDOL]LUDQLREOLNLJOHGHQDYROXPHQ
ߟ ൌ
ܧ
ʹܭ௨ܸ
ൌ
ͳ
Ͷ
െ
ͳ
Ͷ
൫ʹሺ߶ െ ߠሻ൯ െ ݄ ߶ǡ 
݄ ൌ
ߤ଴ܯ௦ܪ
ʹܭ௨
Ǥ 
,]HQDþEHVOHGLGDMHQRUPDOL]LUDQDHQHUJLMDVLVWHPDRGYLVQDRGVPHUL
]XQDQMHJDPDJQHWQHJD SROMD WRUHM NRWD߶ LQ NRQVWDQWH DQL]RWURSLMH NL MH ]DMHWD Y
SDUDPHWUXK3RXGDULPRGDMHYK]DMHWRWXGLUD]PHUMHPHGDQL]RWURSLMRVLVWHPDLQ
MDNRVWMR]XQDQMHJDPDJQHWQHJDSROMD+
+LVWHUH]D$05WLSDOD 

2JOHMPRVLORþHQRREDþOHQDHQDþEHYRGYLVQRVWLRGNRWDPDJQHWL]DFLMH
GRPHQHâHSRVHEHM]DQLPLYLVRUH]XOWDWL]DYUHGQRVWSDUDPHWUDKPHGLQVDMY
WHPSULPHUXQREHGHQRGREHKHQHUJLMVNLKþOHQRYQHSUHYODGXMHQDGGUXJLP6OLND
SULND]XMHOHþOHQNLGRORþDHQHUJLMRVLVWHPDJOHGHQDRGPLNRGRVLODåMHPDJQHWL]DFLMH
6OLNDSULND]XMHOHYSOLYRGPLNDPDJQHWL]DFLMHJOHGHQD]XQDQMHSROMH(QHUJLMVNL
PLQLPXP Y HQHP LQ GUXJHP SULPHUX VHYHGD XVWUH]D SULPHUX NR MHPDJQHWL]DFLMD
PDWHULDODSRUDYQDQD]RVMRODåMHPDJQHWL]DFLMHR]LURPD]XQDQMHJDPDJQHWQHJDSROMD
6NXSQDHQHUJLMDPDJQHWQHGRPHQHMHSULND]DQDQDVOLNL
 
6OLND0DJQHWQDGRPHQD]L]UDåHQRDQL]RWURSLMRY]XQDQMHPPDJQHWQHPSROMX
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD


6WDQMH GRPHQH ] QDMQLåMR HQHUJLMR SRLãþHPR ]PLQLPL]DFLMR HQDþEH 
5HãXMHPRSUREOHPQLþHOQHJDRGYRGD
߲ߟ
߲߮
ൌ
ͳ
ʹ
൫ʹሺ߶ െ ߠሻ൯ ൅ ݄ ߶ ൌ ͲǤ 
5HãLWHY HQDþEH SUL YUHGQRVWL SDUDPHWUD K  SULND]XMH UGHþD VOHG QD VOLNL 
9LGLPRGDLPDSUL]XQDQMHPNRWXߠ ൌ ߨȀʹHQHUJLMDORNDOQLPLQLPXPNDUSULGYHK
YUHGQRVWLKNRWD߶Ǥ3RMDYLWDVHQDPHVWXNMHUVUHGLQVNDUGHþDNULYXOMDYREOLNLþUNH6
VHND RVߠ ൌ ߨȀʹ ,]NDåH VH QDPUHþ GD LPD ]D GRORþHQH YUHGQRVWL SDUDPHWUDK SUL
QHNDWHULK NRWLK ]XQDQMHJD SROMD ș HQHUJLMD GRPHQH GYD ORNDOQD PLQLPXPD PHG
 
6OLND1RUPDOL]LUDQDHQHUJLMDPDJQHWQHGRPHQH]DUDGLPDJQHWQHDQL]RWURSLMHK 
 
6OLND1RUPDOL]LUDQDHQHUJLMDPDJQHWQHGRPHQH]DUDGLVNORSLWYH]]XQDQMLPSROMHP
=HHPDQRYDHQHUJLMDK 
+LVWHUH]D$05WLSDOD 

NDWHULPD MH HQHUJLMVNDEDULHUD  9 WHPSULPHUX QD VWDQMH NL JDGHMDQVNR]DY]DPH
PDJQHWQDGRPHQDYSOLYDMRSUHGKRGQDVWDQMDGRPHQH

0HGVHERMQR RGYLVQRVW NRWRY ߶ǡ ߙ LQ ߠ ]D UD]OLþQH YUHGQRVWL SDUDPHWUD K
SULND]XMHWDVOLNLLQ

 
6OLND6NXSQDQRUPDOL]LUDQDHQHUJLMDPDJQHWQHGRPHQHEDUYQDVNDODUGHþHMH
R]QDþHQHQHUJLMVNLHNVWUHPJOHGHQDșK 
6OLND2G]LYGRPHQHQDVPHUSROMDSULUD]OLþQLKK3ULND]DQMHNRWPHGPDJQHWL]DFLMRLQ
RVMRODåMHPDJQHWL]DFLMH
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

5D]YLGQRMHGDSULPDMKQLKYUHGQRVWLKSDUDPHWUDK]XQDQMHPDJQHWQRSROMHQH
XVSHREUQLWLVPHULPDJQHWL]DFLMHGRPHQHOHQHNROLNRMRRGNORQLRGQMHQHSUHIHUHQþQH
VPHULPRGUDNULYXOMDNRW׋VOHGLNRWXșDOLGUXJDþHSRYHGDQRPDJQHWL]DFLMDQHJOHGH
QDYUWHQMH]XQDQMHJDSROMDRVWDMDSULEOLåQRSRUDYQDQD]RVMRODåMHPDJQHWL]DFLMH=D
YHOLNHYUHGQRVWLKPDJQHWL]DFLMDGRPHQHVOHGL]XQDQMHPXSROMXYLGQL VR OHPDQMãL
RGNORQLYVPHULRVLDQL]RWURSLMHUXPHQLNULYXOMLNRWDșLQĮRVWDMDWDSULEOLåQRHQDND
=DYUHGQRVWLSDUDPHWUDKPHGLQSDSULGHGRPHMQHJDVWDQMDNRMH]XQDQMHSROMH
SUDYRNRWQRQDRVODåMHPDJQHWL]DFLMHGRPHQH9WHPSULPHUXMHGRPHQDRGNORQMHQD
ERGLVLYHQRERGLVLYGUXJRVWUDQMHQDHQLDOLGUXJLVWUDQLHQHUJHWVNHEDULHUH7D
GYRMQRVWNLMHSRJRMHQDVSUHGKRGQLPLVWDQMLGRPHQHMHL]YRUKLVWHUH]H
3ULPHUþDVRYQHJDSRWHNDREUDþDQMDPDJQHWQHGRPHQHREUD]PHUMXDQL]RWURSLMH
LQ]XQDQMHSROMVNHMDNRVWLK SULND]XMHVOLND9SULPHUXDMHSROMHSRUDYQDQR
] RVMR ODåMH PDJQHWL]DFLMH LQ SRVOHGLþQR WXGL V VDPLP YHNWRUMHP PDJQHWL]DFLMH
PDWHULDOD 1DWR SULPHUL EG ]DþQHPR RGNODQMDWL ]XQDQMH SROMH Y VPHUL XULQHJD
ND]DOFD9HNWRUPDJQHWL]DFLMHVOHGL]XQDQMHPXPDJQHWQHPXSROMXYHQGDUMHåHYLGHQ
GRORþHQRGNORQSURWLRVLODåMHPDJQHWL]DFLMH

6OLND2G]LYGRPHQHQDVPHUSROMDSULUD]OLþQLKK3ULND]DQMHNRWPHG]XQDQMLP
SROMHPLQPDJQHWL]DFLMR
+LVWHUH]D$05WLSDOD 

6OLND  F NDåH WUHQXWHN NR MH YHNWRU ]XQDQMH SROMVNH MDNRVWL åH SUHãHO
SUDYRNRWQLFR QD RV ODåMH PDJQHWL]DFLMH =DUDGL HQHUJLMVNH SUHJUDGH SD PX
PDJQHWL]DFLMDãHQHVOHGLLQRVWDMDYORNDOQHPHQHUJLMVNHPPLQLPXPXNLJDQDVOLNL
SULND]XMH UGHþDNULYXOMDSULYUHGQRVWLRNURJș  UDG1D VOLNLGSD MH
QDYRU ]DUDGL ]XQDQMHJD PDJQHWQHJD SROMD åH GRVHJHO GRYROM YHOLNR YUHGQRVW GD
PDJQHWL]DFLMD HQHUJLMVNR EDULHUR SUHVNRþL 3RQRYQR VH Y]SRVWDYL UDYQRYHVMH PHG
YSOLYRP ]XQDQMH PDJQHWL]DFLMH LQ YSOLYRP DQL]RWURSLMH OH GD VHGDM RV ODåMH
PDJQHWL]DFLMHRGNODQMDPDJQHWL]DFLMRRG]XQDQMHJDSROMDYVPHULXULQHJDND]DOFDLQ
QH Y QDVSURWQL NRW VPRYLGHOL QD SULPHULK E LQ F9QDGDOMQMLK GYHKSULPHULK VH
]XQDQMHSROMHSRQRYQRYUDþDSURWLQDYSLþQLFLýHVLSDURPDRJOHGDPRSULPHUDFLQH
WHUELQIVVOLNHRSD]LPRGDLPDPRREHQDNHP]XQDQMHPPDJQHWQHPSROMX

6OLND3RVWRSQLSULND]REUDþDQMDPDJQHWL]DFLMHGRPHQHJOHGHQD]XQDQMHPDJQHWQR
SROMHSR6WRQHU:RKOIDUWKRYHPPRGHOX
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD

UD]OLþQL VWDQML PDJQHWL]DFLMH NL VWD RGYLVQL RG SUHGKRGQLK VWDQM 9 WHK SULPHULK
PDJQHWQDGRPHQDGHOXMHNRWVSRPLQVNLHOHPHQWLQL]UDåDKLVWHUH]R
 3RVSORãLWHY6WRQHU:RKOIDUWKRYHJDPRGHOD]DFHORWQL$05
3RJRM ]D QDVWDQHNKLVWHUH]H MH WRUHM DQL]RWURSLMDPDJQHWQLK GRPHQYPHUMHQL
VKHPLWRUHMRVODåMHPDJQHWL]DFLMHQD[\UDYQLQLWLSDODýHWXGLSRVNXãDPRWRYUVWQH
HIHNWHYPDWHULDOXHOLPLQLUDWL]XVWUH]QRWHKQRORJLMRL]GHODYHREOLNDSRSXãþDQMHQD
WHPSHUDWXUL«SDMLKQHL]RJLEQRQDMGHPRQSUREURERYLKXSRURYQLKVWUXNWXUNMHUVH
PDJQHWQRSROMHYPDWHULDOX]DNOMXþXMH8VPHUMHQRVWWHDQL]RWURSLMHR]LURPDRVLODåMH
PDJQHWL]DFLMHMHODKNRUD]OLþQD
+LVWHUH]QR ]DQNR ]D KRPRJHQ L]RWURSHQ VLVWHP ODKNR L]UDþXQDPR NRW
NRPELQDFLMRPQRåLFHPDMKQLKQDNOMXþQRRULHQWLUDQLKGRPHQ6NXSHQUH]XOWDWXVWUH]D
REOLNLKLVWHUH]QHNULYXOMHIHURPDJQHWQLKPDWHULDORY
2EQDãDQMHSULYUWHþHPVHPDJQHWQHPSROMXNDNUãQRQDMGHPRYDSOLNDFLML$05
WLSDODQDGPDJQHWQLPWUDNRPSDODKNRPRGHOLUDPRNRWSRYSUHþMHVNXSLQHYUWHþLKVH
GRPHQ ] QDNOMXþQLPL VPHUPL RVL ODåMH PDJQHWL]DFLMH WHU UD]OLþQLPL YUHGQRVWPL
SDUDPHWUD K 6OLND  SULND]XMH VWDQMHPRGHODPDWHULDOD V  GRPHQDPL NL VR
UHDOL]LUDQHSR6WRQHU:RKOIDUWKRYHPSUHGORJX'RPHQHLPDMRUD]OLþQRRULHQWLUDQHRVL
ODåMH PDJQHWL]DFLMH JOHGH QD VPHU WRND LQ V WHP PHULWYH SROMD =HOHQH SXãþLFH
R]QDþXMHMRVPHU]XQDQMHJDPDJQHWQHJDSROMDNLMHYWHPSULPHUXKRPRJHQR5GHþH
SXãþLFHSDSULND]XMHMRWUHQXWQRVPHUPDJQHWL]DFLMHSRVDPH]QHGRPHQHNLMHVNODGQR
]XJRWRYLWYDPLYSUHMãQMHPSRJODYMXRGYLVQDRGHQHUJHWVNHJDPLQLPXPDGRORþHQDV
NRQVWDQWR DQL]RWURSLMH ± VLYLQD GRPHQH LQ ]JRGRYLQH SUHGKRGQLK VWDQM 6 þUQLP
NROREDUMHP MHR]QDþHQD HQDRGGRPHQNL MHY WUHQXWNXRSD]RYDQMDXMHWDY ORNDOQL
HQHUJLMVNL PLQLPXP 9HNWRUMD PDJQHWL]DFLMH LQ ]XQDQMHJD SROMD OHåLWD Y UD]OLþQLK
NYDGUDQWLKJOHGHQDRV ODåMHPDJQHWL]DFLMHNOMXE WHPXGDNRQVWDQWDDQL]RWURSLMH WH
GRPHQHQLQDGSUDJRPQDGNDWHULPGDQR]XQDQMHSROMHQLYHþGRYROMPRþQR]DREUDW
PDJQHWL]DFLMH7DGRPHQDWRUHMYWUHQXWNXRSD]RYDQMDGRSULQDãDNKLVWHUH]LPDWHULDOD
NHUELELORQMHQRVWDQMHREHQDNHP]XQDQMHPSROMXLQGUXJDþQL]JRGRYLQLGUXJDþQR
ýH MH WDNãQLK GRPHQ GRYROM LQ VH SRMDYOMDMR RE YVHK RULHQWDFLMDK ]XQDQMHJD
PDJQHWQHJDSROMDL]ND]XMHPDWHULDOVWDOQLSRMDYKLVWHUH]HNDNUãQHJDRSD]LPRWXGLSUL
REUDYQDYDQLK$05WLSDOLK
+LVWHUH]D$05WLSDOD 

6NXSQL RG]LY PDWHULDOD L]UDþXQDPR NRW SRYSUHþQR RULHQWDFLMR GRPHQ ýH WD
RG]LYSULPHUMDPRVVPHUMR]XQDQMHJDSROMDODKNRRFHQLPRSRJUHãHNPHULWYHVWDNãQLP
$05PDWHULDORP3RWHNWDNãQHJDSRJUHãNDYSURVWRUXLQþDVXSULND]XMHVOLND3UL
WHP VPR XSRUDELOL UD]OLþQH VPHUL RVL ODåMH PDJQHWL]DFLMH WHU UD]OLþQH YUHGQRVWL
SDUDPHWUDܭ௨WRUHMSRVOHGLþQRK=XQDQMHPDJQHWQRSROMHMH]DYVHGRPHQHHQDNR
9LGLPRSRGREQRVWLYREOLNLRG]LYDVSUHML]PHUMHQLPLRG]LYL$05WLSDOD
6OLND  SULND]XMH ãH FHORWQL XSRUDEQLãNL YPHVQLN SULSUDYOMHQHJD PRGHOD
L]GHODQHJDYSURJUDPVNHPRNROMX0DWODE6SUHPOMDPRODKNRSURVWRUVNRRULHQWDFLMR
SRVDPH]QLKYHNWRUMHYWUHQXWQDVWDQMDYVHKGRPHQYKRGQHLQL]KRGQHYHOLþLQHPHULWYH
] PRGHOLUDQLP WLSDORP WHU SRJUHãHN PHULWYH 9PHVQLN RPRJRþD JHQHULUDQMH
YLGHRSRVQHWNRY VLPXODFLMH þDVRYQHJD SRWHND YUWHQMD VNXSLQH GRPHQ RE SROMXEQLK
SDUDPHWULKPDWHULDODLQYKRGQLVHNYHQFL]XQDQMHJDSROMD

 
6OLND3ULND]VWDQMDVNXSLQHPDJQHWQLKGRPHQSR6WRQHU:RKOIDUWKRYHPPRGHOX
 0HUMHQMHSRPLNDSUHNRPDJQHWL]PD




6OLND2GVWRSDQMHVPHULPDJQHWL]DFLMH$05PDWHULDODVLPXOLUDQHJDSRPRGHOX6WRQHU
:RKOIDUWKRGVPHUL]XQDQMHJDSROMDȕY[\UDYQLQLNLSUHGVWDYOMDYKRGQRYHOLþLQRYPRGHO

6OLND8SRUDEQLãNLYPHVQLN±YSRJOHGYPRGHO$05PDWHULDODVGRPHQDPLSR
6WRQHU:RKOIDUWKX

 0RGHOLUDQMHKLVWHUH]H±]QDQRVWDQMH
3RMDY KLVWHUH]H Y REOLNL þDVRYQR QHRGYLVQHJD VSRPLQVNHJD HIHNWD >@ VH Y
QDUDYLSRMDYOMDSRJRVWR1DM]QDþLOQHMãDMHSUDY]DSRGURþMHPDJQHWL]PD3RJRVWRMRV
SULGRPL]NRULãþDPRQDSULPHUSUL]DSLVXQDPDJQHWQLWUDNDOLSULWUDMQLKPDJQHWLKY
HOHNWULþQLKVWURMLK>@6SHWGUXJLþVHKLVWHUH]DSULNUDGHQH]DåHOHQRNRWQDSULPHUY
REOLNLL]JXEYWUDQVIRUPDWRUMLKDOLPHULOQHQDSDNHSULPDJQHWQLKWLSDOLK2EYODGRYDQMH
SRMDYD]DKWHYDYSUYLYUVWLQMHJRYQDWDQþHQPDWHPDWLþQLRSLVNDUSDUDYQR]DUDGLWH
RGYLVQRVWLRGSUHGKRGQLKVWDQMQLWULYLDOQDQDORJD
3ULVWRSL N PRGHOLUDQMX KLVWHUH]QHJD RG]LYD VR UD]OLþQL 9 JUREHP MLK ODKNR
UD]GHOLPR QD WHRUHWLþQH LQ HNVSHULPHQWDOQH >@ 7HRUHWLþQL PRGHOL WHPHOMLMR QD
SR]QDYDQMXIL]LNDOQLK]DNRQLWRVWLGRJDMDQMDYPDWHULDOX,]UDþXQ]DRG]LYSRVNXãDMPR
L]SHOMDWLL]RVQRYQLK]DNRQLWRVWLLQODVWQRVWLPDWHULDOD3ULPHUWHRUHWLþQHJDPRGHOLUDQMD
VPRVUHþDOLYSRJODYMXNHUVPRVLSRPDJDOLUD]XPHWLSRMDYKLVWHUH]HY$05
WLSDOLKVSRPRþMR6WRQHU:RKOIDUWKRYHJDPRGHOD
âHHQL]UHGQRSRPHPEHQWHPHOMQLWHRUHWLþQLPRGHOPDJQHWQHKLVWHUH]HMH-LOHV
$WKHUWRQRY PRGHO 'DYLG -LOHV LQ 'DYLG $WKHUWRQ VWD JD OHWD  SUHGVWDYLOD Y
SULVSHYNX >@ 1MHJRYD JODYQD SUHGQRVW MH SRYH]DYD V IL]LNDOQLPL SDUDPHWUL
PDJQHWQHJDPDWHULDOD>@9RVQRYQLREOLNLMHQDPHQMHQ]JROMPRGHOLUDQMXL]RWURSQLK
PDWHULDORYYHQGDU MHELO NDVQHMH UD]ãLUMHQ ãH ]D ãLUãRXSRUDER >@ >@'DQHV MH
SRJRVWRXSRUDEOMHQ]DPRGHOLUDQMHPDJQHWQLKSRMDYRYQDSULPHUL]PHQLþQLKSROM6
GRGDWQLPL UD]ãLULWYDPL QMXQR GHOR RPRJRþD WXGL VLPXODFLMR YSOLYD IUHNYHQFH >@
>@ WODND >@±>@ LQPDJQHWRVWULNFLMH >@ýHSUDYSD MHELORPQRJRSR]RUQRVWL
QDPHQMHQRL]EROMãDQMXUDþXQVNHXþLQNRYLWRVWL-LOHV$WKHUWRQRYHJDPRGHOD>@MHWD
ãHYHGQRSULPHUHQOH]D]PRJOMLYHMãDUDþXQVNDRNROMD
.RWVPRODKNRRSD]LOLWXGLSULVLPXODFLML$05WLSDODV6WRQHU:RKOIDUWKRYLP
PRGHORPVRWHRUHWLþQLPRGHOLODKNR]HORNRULVWQL]DUD]XPHYDQMHYSOLYDSRVDPH]QLK
IL]LNDOQLKODVWQRVWLQDNRQþQLUH]XOWDWåDOSDVRSRJRVWRL]UHGQRUDþXQVNR]DKWHYQL
3UREOHP ODKNR SUHGVWDYOMD WXGL YLVRND REþXWOMLYRVW QD SDUDPHWUHPDWHULDOD NL VR Y
SUDNVL SRJRVWR WHåNR L]PHUOMLYL5DYQR UDþXQVND ]DKWHYQRVW LQ WHåDYQRVW GRORþDQMD
 0RGHOLUDQMHKLVWHUH]H±]QDQRVWDQMH

SDUDPHWURY VWD Y]URN GD VR WHRUHWLþQLPRGHOL QDMYHþNUDW QHSULPHUQL ]D XSRUDER Y
DOJRULWPLK]QRWUDMYJUDGQHJDVLVWHPD
(NVSHULPHQWDOQLPRGHOLSRGUXJLVWUDQLSRVNXãDMR]JROMRSLVDWLNRQþQLUH]XOWDW]
PDWHPDWLþQLPLNULYXOMDPL1HRPRJRþDMRYSRJOHGDYVDPRGRJDMDQMHYPDWHULDOX]DWR
SDVRODKNRUDþXQVNRPDQMNRPSOHNVQLýHåHOLPRVLPXODFLMHL]YDMDWLYUHDOQHPþDVX
LQQDUDþXQVNRRPHMHQHPYJUDGQHPVLVWHPXMHIHQRPHQRORãNLSULVWRSNPRGHOLUDQMX
KLVWHUH]HQDMEROMVPLVHOQ=DWRVHYQDGDOMHYDQMXRVUHGRWRþDPRQDQHNDWHUHSRPHPEQH
HNVSHULPHQWDOQHPRGHOH
 (NVSHULPHQWDOQRPRGHOLUDQMHKLVWHUH]H
.RW UHþHQR SRVNXãDPR SUL HNVSHULPHQWDOQLK PRGHOLK L]GHODWL PDWHPDWLþQL
SULEOLåHNREOLNHRG]LYDNLJDL]ND]XMHPHUMHQHF9SULPHUXKLVWHUH]HWDRG]LYRELþDMQR
SUHGVWDYLPRNRW]DQNRR]LURPDPQRåLFR]DQNQDUDYQLQLNL LPD]DNRRUGLQDWQLRVL
YKRGQR ݑ LQ L]KRGQR VSUHPHQOMLYNR ݒ0DWHPDWLþQH UHãLWYH ]D NRQVWUXNFLMR WHK
]DQNVRUD]OLþQH
2GYLVQRVWL]KRGQHYHOLþLQHRGYKRGQHݑሺݒሻODKNRQDSULPHURSLãHPRVSRPRþMR
SDUFLDOQH GLIHUHQFLDOQH HQDþEH 3ULPHU WDNãQHJD ]DSLVD MH 'XKHPRY PRGHO >@
7HPHOML QD GLIHUHQFLDOQL HQDþEL ]D L]KRGQR YHOLþLQR ݕሺݐሻ 2E SUHGSRVWDYNL GD
SR]QDPR]DþHWQRYUHGQRVWݕሺݐ ൌ ͲሻQDWR]DSLãHPR
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SULþHPHUSRPHQLQRWDFLMDݔା ؔ ሺȁݔȁ ൅ ݔሻȀʹLQݔି ؔ ሺȁݔȁ െ ݔሻȀʹǢ ݔ א Թ݃ଵLQ݃ଶ
SDVWDL]EUDQLIXQNFLML,]HQDþEHVOHGLGDYGDQHPWUHQXWNXVSUHPHPEDL]KRGQH
YHOLþLQHVOHGLHQLDOLGUXJLIXQNFLMLJOHGHQDVPHUJLEDQMD7DNãQDRSUHGHOLWHYSULQDãD
WXGL QHNDM SRPDQMNOMLYRVWL NRW QD SULPHU RGVRWQRVW QRWUDQMLK VSUHPHQOMLYN LQ
REþXWOMLYRVWQDãXP.OMXEWHPXSUHGVWDYOMD'XKHPRYPRGHOSRPHPEQRRVQRYR]D
PRGHOLUDQMHKLVWHUH]HVSRPRþMRGLIHUHQFLDOQHHQDþEH>@
'LIHUHQFLDOQLPRGHOLYGLVNUHWL]LUDQLREOLNLVRãHSRVHEHMXSRUDEQLQDSRGURþMX
YRGHQMD VLVWHPRY .RW SULPHU QDYHGLPR&ROHPDQ+RGJGRQRYPRGHO SUHGVWDYOMHQ
OHWDY>@LQY>@>@+LVWHUH]RUDþXQDPRYþDVRYQHPSURVWRUXSUHNR
QHOLQHDUQHGLIHUHQFLDOQHHQDþEHSUYHJDUHGDREOLNH
ݕሶ ൌ ݂ሺݑǡ ݕሻȁݑሶ ȁ ൅ ݃ሺݑǡ ݕሻݑሶ ǡ 
(NVSHULPHQWDOQRPRGHOLUDQMHKLVWHUH]H 

NMHUVWDݑLQݕUHDOQDRGVHNRPD]YH]QRRGYHGOMLYDYKRGLQL]KRG/LKDQDUDãþDMRþD
IXQNFLMD݂ LQ VRGD IXQNFLMD݃ GRORþDWDREOLNRKLVWHUH]H1MXQ L]ERURPRJRþD ãLURN
VSHNWHUREOLNKLVWHUH]QH ]DQNH LQ WDNRRPRJRþD XSRUDERPRGHOD ]DRSLVH UD]OLþQLK
SRMDYRY
(QDþERODKNRGLVNUHWL]LUDPRLQMRSUHYHGHPRYREOLNR
ݕሺݐ ൅ ͳሻ െ ݕሺݐሻ ൌ ߙ൛݂൫ݑሺݐሻ൯ െ ݕሺݐሻൟȁݑሺݐ ൅ ͳሻ െ ݑሺݐሻȁ
൅݃൫ݑሺݐሻ൯൫ݑሺݐ ൅ ͳሻ െ ݑሺݐሻ൯ǡ

NLMHSULPHUQD]DGLUHNWQRLPSOHPHQWDFLMRYUHJXODWRUYRGHQHJDVLVWHPD
3ROHJXSRUDEH3'(SDYHOMDRPHQLWLãHHQRSRPHPEQRVNXSLQRIHQRPHQRORãNLK
PRGHORYKLVWHUH]H7LWHPHOMLMRQDPDWHPDWLþQLKED]QLKIXQNFLMDK
 0RGHOLUDQMHVSRPRþMRED]QLKIXQNFLM
9DQJOHãNL OLWHUDWXUL WDSULVWRSSRJRVWRQDMGHPRSRG LPHQRPRSHUDWRUEDVHG
PRGHOOLQJED]QHIXQNFLMHSDWXGLSRGLPHQRPRSHUDWRU*ODYQDLGHMDXSRUDEHED]QLK
IXQNFLM MH GD GDQL SUREOHP UD]þOHQLPR QD RVQRYQH HQRWH V NDWHULPL MH HQRVWDYQR
UDþXQDWL6NXSQLUH]XOWDWSUHGVWDYLPRNRWOLQHDUQRNRPELQDFLMRYHþMHJDãWHYLODWDNãQLK
HQRW1DSRGURþMXPRGHOLUDQMDKLVWHUH]HMHJRWRYRQDM]QDPHQLWHMãLSULPHU3UHLVDFKRY
PRGHO]XSRUDERUHOHMQLKIXQNFLMR]LURPDKLVWHULRQRY6OHGLWDPXãHPRGHOD3UDQGWO
,VKOLQVNLLWHU.UDVQRVO
VNLL3RNURYVNL
 3UHLVDFKRYPRGHOKLVWHUH]H
/HWDMH)HUHQF3UHLVDFKY>@SUHGVWDYLOPRGHOVNDWHULPMHELORPRJRþH
RSLVDWLRGQRVPHGPDJQHWQRSROMVNRMDNRVWMRLQPDJQHWL]DFLMR+LVWHUH]QR]DQNRMH
SUHGVWDYLO NRW VHVWDY YHOLNHJD ãWHYLOD PDMKQLK RVQRYQLK ]DQNLF WDNR LPHQRYDQLK
KLVWHULRQRY7LVHREQDãDMRNRWQHLGHDOQLUHOHMLNLODKNR]DY]DPHMRYUHGQRVWLLQ
 0RGHOLUDQMHKLVWHUH]H±]QDQRVWDQMH

9VDNKLVWHULRQLPDVYRMSUDJ]DYNORSߙLQL]NORSߚQMHJRYDYUHGQRVWSDVH
VSUHPLQMDSRHQDþEL
ݕ௜ሺݔሻ ൌ ൝
െͳ Ǣ ݔ ൒ ߚ
ͳ Ǣ ݔ ൑ ߙ
݇ Ǣ ߙ ൏ ݔ ൏ ߚǡ
 
NMHUMH݇YUHGQRVWNLMRMHLPHOKLVWHULRQQD]DGQMHNRMHݔ]DãHOL]YHQLQWHUYDODሺߙǡ ߚሻ
*OHGHQDYUHGQRVWLWHKSUDJRYODKNRKLVWHULRQHSRVWDYLPRQDWLߙ െ ߚSROUDYQLQR
VDMSULGHMRYSRãWHYOHWRþNHߙ ൏ ߚ
2EOLNRKLVWHUH]HGRORþDJRVWRWDKLVWHULRQRYQDUDYQLQL DOLSDSUHGSLVDQHXWHåL
ߤ௜ሺߙǡ ߚሻSRVDPH]QLKKLVWHULRQRY
,]KRGQR YUHGQRVW PRGHOD L]UDþXQDPR NRW XWHåHQR YVRWR YVHK YUHGQRVWL
KLVWHULRQRY
ݕሺݔሻ ൌ෍ ݕ௜ሺݔሻߤ௜
ே
௜ୀଵ
 
1DWDQþQRVWPRGHODUDVWHVãWHYLORPKLVWHULRQRYܰ
0RGHOMHãHSRVHEHMXSRUDEHQ]DPRGHOLUDQMHIHURPDJQHWQHJDREQDãDQMDVQRYL
+LVWHULRQH QDPUHþ ODKNR LQWHUSUHWLUDPR SR DQDORJLML ] PDJQHWQLPL :HLVVRYLPL
GRPHQDPL
1DSULQFLSXNLJDXYDMD3UHLVDFKRYPRGHOKLVWHUH]HMHELORNDVQHMH]JUDMHQLK
PQRJR UD]ãLUMHQLK UD]OLþLF PHG GUXJLP LQYHU]QD 3UHLVDFKRYD IXQNFLMD 1DGDOMQML
UD]YRM3UHLVDFKRYHJDPRGHODPHGGUXJLPRSLVXMH9LVRQH>@
 0RGHO3UDQGWO,VKOLQVNLL3,PRGHO
0RGHO VWD SUYD SUHGVWDYLOD 3UDQGWO >@ LQ ,VKOLQVNLL >@ 2VQRYQD FHOLFD
KLVWHUH]HMHED]QDIXQNFLMDRGSRUDDQJEDFNODVKSULND]DQQDVOLNL6NXSQLRG]LY

6OLND1HLGHDOQLUHOHDOLKLVWHULRQMHRVQRYQLHOHPHQW3UHLVDFKRYHJDPRGHODKLVWHUH]H
(NVSHULPHQWDOQRPRGHOLUDQMHKLVWHUH]H 

L]UDþXQDPRNRWXWHåHQRYVRWRVNXSLQHED]QLKIXQNFLMRGSRUD]UD]OLþQLPLSDUDPHWUL
NRWSULND]XMHVOLND0RGHOMHHQRVWDYHQ]DXSRUDERQMHJRYRQDWDQþQRVWSDODKNR
L]EROMãDPR V SRYHþHYDQMHP ãWHYLOD ED]QLK IXQNFLM 3DUDPHWUH PRGHOD MH PRJRþH
HQRVWDYQRL]UDþXQDWLSRSRVWRSNXRSLVDQHPY>@LQ>@

+LVWHUH]QH]DQNHNL MLKODKNRRSLãHPRV3,PRGHORPPRUDMRELWLVLPHWULþQH
3UDYWDNRED]QDIXQNFLMDRGSRUDQHRPRJRþDVLPXODFLMHQDVLþHQMD=DWRMHELOPRGHO
NDVQHMHUD]ãLUMHQYREOLNRGDQHV]QDQRSRGLPHQRPPRGHO.UDVQRVHO
VNLL3RNURYVNLL
 0RGHO.UDVQRVHO¶VNLL±3RNURYVNLLPRGHO

6OLND%D]QDIXQNFLMDRGSRUDRVQRYQLJUDGQLNPRGHOD3UDQGWO,VKOLQVNLL

6OLND6HãWHYDOQDVKHPDPRGHOD3,
 0RGHOLUDQMHKLVWHUH]H±]QDQRVWDQMH

7DNR LPHQRYDQL .3 PRGHO WHPHOML QD RVQRYL UD]LVNDY .UDVQRVHOVNHJD LQ
3RNURYVNHJD REMDYOMHQLK O  >@ %D]QD IXQNFLMD RGSRUD MH UD]ãLUMHQD Y WDNR
LPHQRYDQLRSHUDWRUSOD\NLJDODKNRRPHMXMHMRSROMXEQHIXQNFLMHVOLNDGHVQR
3ROHJED]QLKIXQNFLMWLSDSOD\SDPRGHOYVHEXMHWXGLIXQNFLMHWLSDVWRSVOLNDOHYR
7LRPRJRþDMRPRGHOLUDQMHQDVLþHQMD7DNRSOD\NRWVWRSVWDYVSORãQHPQHVLPHWULþQL
IXQNFLML]DWRMHWXGLNRQVWUXLUDQDKLVWHUH]QD]DQNDODKNRQHVLPHWULþQHREOLNH0RGHO
MHPRJRþHWXGLREUQLWLNDNRUQDSULPHUYSULVSHYNX>@
 3ULODJRGLWHYPRGHORYKLVWHUH]H]DRåMHSRGURþMHXSRUDEH
=JRUDMQDYHGHQLPRGHOLLPDMRSUHGYVHPL]UHGQRYHOLNR]JRGRYLQVNRYUHGQRVW
VDMVRRPRJRþLOLQDGDOMQMLUD]YRMQDSRYVHPQRYLKSRGURþMLK.RSDSULGHPRGRVDPH
XSRUDEHPRGHOD]DNRQNUHWQRDSOLNDFLMRãHSRVHEHMSULRPHMHQLUDþXQVNLNDSDFLWHWL
SDMHVPLVHOQRSODWIRUPRL]EUDQHJDPRGHODSRQRYQR]RåLWLLQVHWDNRRVUHGRWRþLWLOH
QD WLVWH IXQNFLRQDOQRVWLNL MLKQXMQRSRWUHEXMHPR6 WHPSULKUDQLPRQDþDVXNLJD
]DY]DPH WDNR LPSOHPHQWDFLMD NRW L]YHGED L]UDþXQD KNUDWL SD ODKNR GRGDWQR
QDGJUDGLPR PRGHO WDNR GD ]DREMHPD WXGL PRUHELWQH SRVHEQRVWL PRGHOLUDQHJD
VLVWHPD
3ULPHU WDNãQLK VSHFLDOL]LUDQLK PRGHORY QD SRGURþMX VHQ]RULNH MH QD SULPHU
HQHUJLMVNLPRGHO>@>@]DVLPXODFLMRWDQNLKILOPRYL]SHUPDORMD=DQLPLYMHWXGL
UD]YRMQL FLNHO NL MH SULSHOMDO GR PHWRGH ]D OLQHDUL]DFLMR *05 WRNRYQLK WLSDO 1D
SULQFLSX ]JRUDM RSLVDQHJD'XKHPRYHJDPRGHOD MH OHWDQDVWDO WDNR LPHQRYDQL
7[ PRGHO >@ SUL NDWHUHP ]D IXQNFLML ݃ଵ LQ ݃ଶ L] HQDþEH  XSRUDELPR

6OLND/HYRED]QDIXQNFLMDWLSDVWRSGHVQRJHQHUDOL]LUDQDIXQNFLMDSOD\
3ULODJRGLWHYPRGHORYKLVWHUH]H]DRåMHSRGURþMHXSRUDEH 

NRPELQDFLMROLQHDUQHIXQNFLMHLQKLSHUEROLþQHJDWDQJHQVD.DVQHMHVR-HGOLVNDHWDOY
GHOLK >@±>@ QDPHVWR KLSHUEROLþQLK IXQNFLM XSRUDELOL SULEOLåHN V SROLQRPRP 
VWRSQMHLQWDNRXVSHãQROLQHDUL]LUDOLRG]LYPHULOQLNDWRND]*05HOHPHQWL>@
2PHQLPRãH]DSRUHGMHPRGHORY]DOLQHDUL]DFLMRRG]LYDWRNRYQHJD*05WLSDOD
SUHGVWDYOMHQROHWD>@0RGHO&/0DQJ&RQYHQWLRQDO/LQHDU0RGHONLRG]LY
DSURNVLPLUD ] OLQHDUQR IXQNFLMR MH QDGJUDMHQ Y /0)& DQJ /LQHDU 0RGHO ZLWK
)UHTXHQF\ &RPSHQVDWLRQ SUL NDWHUHP MH GRGDQD ãH IUHNYHQþQD NRPSHQ]DFLMD
1DGDOMQMHMHELODGRGDQDãHNRPSHQ]DFLMDKLVWHUH]HNLMHDSURNVLPLUDQD]UDFLRQDOQR
SROLQRPVNRIXQNFLMR0RGHOVRDYWRUMLSRLPHQRYDOL%1/0DQJ%DVLF1RQ/LQHDU
0RGHO=DUDGL VSHFLILþQHJDREQDãDQMD*05 WLSDO Y VNUDMQLK OHJDKYEOLåLQLPHMQH
IUHNYHQFHSDVRQD]DGQMHUD]YLOLPRGHO$1/0DQJ$GYDQFHG1RQ/LQHDU0RGHO
NL]GRGDQLPLXWHåPLYUHGQRVWLPWRNDQDUREXLQWHUYDODãHGRGDWQRL]EROMãDRG]LY
9HOLNR SR]RUQRVWL MH ELOR PRGHOLUDQMH KLVWHUH]H GHOHåQR WXGL QD SRGURþMX
XSUDYOMDQMD SLH]RHOHNWULþQLK DNWXDWRUMHY 7X QDMGHPR FHOR NRSLFR DOJRULWPRY NL
WHPHOMLMRQDLQYHUWLUDQMXL]KRGLãþQHJDPRGHODWHUUDþXQVNLSRHQRVWDYLWYLNRWQDSULPHU
>@>@±>@
1DSRGURþMX$05WLSDO]DPHUMHQMHOLQHDUQHJDSRPLNDYOLWHUDWXULQH]DVOHGLPR
SRVNXVRYDSURNVLPDFLMHKLVWHUH]H]PRGHORP=DWRERQDãDSUYDQDORJD]DWDNRQNUHWQL
SULPHUL]EUDWLãLUãLSULVWRSNSUREOHPXQDWRSDL]YHVWLXVWUH]QRVSHFLDOL]DFLMRJOHGHQD
NRQNUHWQH]QDþLOQRVWLREUDYQDYDQHJDVLVWHPD



 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND
3UL L]ELUL SULVWRSD N PRGHOLUDQMX KLVWHUH]H MH SRWUHEQR XSRãWHYDWL QHNDM SRYVHP
VYRMVWYHQLK]QDþLOQRVWLNLMLKLPD$05WLSDORYOLQHDUQLDSOLNDFLML,]KRGQLNRWODKNRQDUDãþD
DOLSDGDSROMXEQRGDOHþNROLNRUGRSXãþDGROåLQDPDJQHWQHJDWUDNX0RGHOPRUDWRUHMGRSXãþDWL
QHRPHMHQRREPRþMH]DYKRGQRLQL]KRGQRYHOLþLQR2EOLNDNLMRULãHSRJUHãHNQHVRYSDGD]
GREUR]QDQR6NULYXOMRNLMRRELþDMQRREUDYQDYDPRYSRYH]DYLVIHURPDJQHWQLPLPDWHULDOL9
QDGDOMHYDQMX VL ERPRSRGUREQHMH RJOHGDOL ODVWQRVWL VLVWHPD ] REUDYQDYDQLPGDMDOQLNRP QD
SRGODJLNDWHULKERPR]JUDGLOLXVWUH]HQPRGHONLJDERPRJRþHNDVQHMHREUQLWLLQXSRUDELWL]D
NRPSHQ]DFLMR
6OLNDSULND]XMHEORNRYQRVKHPRVLVWHPD L]NDWHUH ODKNR UD]EHUHPR UD]PHUMHPHG
SRVDPH]QLPLSRGVLVWHPL9KRGQDYHOLþLQDWDNR]DGDMDOQLNNRWWXGL]DLVNDQLPRGHOMHYVDNRNUDW
UHDOQLSRORåDMþLWDOQHJODYHQDGPDJQHWQLPWUDNRP,QIRUPDFLMRRQMHPODKNRGRELPRSUHNR
UHIHUHQþQHJD GDMDOQLND NL QD VKHPL QL SRVHEHM R]QDþHQ0RGHOLUDQL GDMDOQLN VH QD YKRGQR
YHOLþLQR±SRORåDMݔ±XVWUH]QRRG]RYHLQYUQHL]KRGQLVLJQDOݔොNLQDMELELOYLGHDOQHPSULPHUX
HQDNYKRGQHPXWRUHM[=DUDGLKLVWHUH]QLKODVWQRVWLYJUDMHQHJDWLSDODSDMHL]KRGREUHPHQMHQ
ãH VSRJUHãNRPH6WUHãLFDYQRWDFLML R]QDþXMHRFHQMHQRNROLþLQR'DMDOQLN WDNRYUQHRFHQR
UHDOQHSR]LFLMHݔPRGHOSDRFHQRSRJUHãNDGDMDOQLND݁
1DãD SUYD QDORJD MH SULSUDYLWL PRGHO NL ER SUHGYLGHYDO SRJUHãHN GDMDOQLND JOHGH QD
LQIRUPDFLMRRJLEDQMXGDMDOQLND3ROHJQDYHGHQLKRSUHGHOLWHYJOHGHYKRGQLKLQL]KRGQLKYHOLþLQ

6OLND%ORNRYQDVKHPDVLVWHPD
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

PRGHODSDERWDPRUDOL]SROQMHYDWLãHVNXSLQRODVWQRVWLLQ]DKWHYNLMLKQDYDMDPRYQDVOHGQMHP
SRJODYMX
 =DKWHYH]DPRGHOKLVWHUH]H
'DMDOQLNNDNUãQHJDVPRRSLVDOLYGUXJHPSRJODYMXLPDQHNDMVSHFLILþQLKODVWQRVWLQD
NDWHUHMHSRWUHEQRSD]LWLSULL]ELULPRGHOD]DNRPSHQ]DFLMRKLVWHUH]H2SD]RYDQMHKLVWHUH]QHJD
REQDãDQMD WHVWQLK Y]RUFHY NDNUãQHJD SULND]XMH VOLND  QDV MH SULSHOMDOR GR VOHGHþLK
XJRWRYLWHY
 2SD]XMHPR LQ NRULJLUDPR ODKNR ]JROM L]KRG NRGLUQLND WRUHM RFHQMHQL NRW ݔො NL
SUHGVWDYOMDPHVWR ]QRWUDMPDJQHWQH SHULRGH1LPDPR YSRJOHGD Y VDPR GRJDMDQMH Y
PDWHULDOX
 =DSRPRþSULUD]YRMXLQXPHUMDQMXPRGHODQDPMHQDYROMRãHUHIHUHQþQLPHULOQLNNL
SRYHSUDYRYUHGQRVWݔ9NRQþQLDSOLNDFLMLUHIHUHQþQDYUHGQRVWQHERGRVWRSQD
 ýHGDMDOQLNSUHPDNQHPRL]WRþNHݔଵYݔଶSULþHPHUMHݔଵ ا ݔଶSRORåDMQDUDVWH]DYVDM
HQRSHULRGRL]KRGQLNRWSURVWRUVNRª]DRVWDMD©LQYHOMDݔොଶ ൏ ݔଶ
 ýHGDMDOQLNSUHPDNQHPRL]WRþNHݔଵYݔଶSULþHPHUMHݔଵ ب ݔଶSRORåDMSDGH]DYVDM
HQRSHULRGRYHOMDݔොଶ ൐ ݔଶ
 .RSUHPLNDPRGDMDOQLNPRQRWRQRYLVWRVPHUVHUD]OLNDPHGݔLQݔොSRþDVLXVWDOLLQQL
RGYLVQDRGSRORåDMD,PHQXMPRMRPDNVLPDOQL]DRVWDQHNܣ௣௢௚௥௘௦௘௞
 7DPDNVLPDOQL]DRVWDQHNMHPRþQRRGYLVHQRGODVWQRVWLVLVWHPDNRWVREUDOQDUD]GDOMD
PHGWLSDORPLQPDJQHWQLPQRVLOFHPLQIRUPDFLMHWLSPDJQHWQHJDQRVLOFDLQWLS$05
WLSDOD2EQHVSUHPHQMHQLKSRJRMLKGHORYDQMDSDVHQMHJRYDYUHGQRVWQHVSUHPHQL
 3RWNLMRSUHSRWXMHþLWDOQDJODYDSUHGHQ]DRVWDQHNSUHLGHL]HQHPDNVLPDOQHYUHGQRVWL
GRGUXJHMHSULLVWLEUDOQLYLãLQLNRQVWDQWQD
 7LSLþQRREOLNRSRJUHãNDGDMDOQLNDVKLVWHUH]RSULND]XMHVOLND
3ROHJL]ND]RYDQMDWHKNDUDNWHULVWLNPRUDPRGHO]DGRVWLWLãHQDVOHGQMLP]DKWHYDP
 ,]KRGGDMDOQLNDVHPRUDYHGQRWXGLREVSUHPHPEDKVPHULRG]LYDWL]YH]QRGRHQRWH
ORþOMLYRVWL
$OJRULWHP PRUD ELWL SULPHUHQ ]D L]YHGER Y YJUDMHQHP VLVWHPX Y UHDOQHP þDVX
5DþXQVND]DKWHYQRVWQHVPHSUHVHþLNDSDFLWHWPLNURNUPLOQLNDDOLSUHWLUDQRSRGDOMãDWL
GHORYQHJDFLNODGDMDOQLND
3DUDPHWULPRGHODPRUDMRELWLHQRVWDYQRGRORþOMLYL2EþXWOMLYRVWPRGHODQDVSUHPHPER
YKRGQLK SDUDPHWURY QH VPH ELWL WROLNãQD GD EL QHJRWRYRVW SUL GRORþLWYL SDUDPHWURY
ODKNRSRY]URþLODQHXVWUH]HQRG]LYPRGHOD
5D]YRMPRGHODKLVWHUH]H 

7HXJRWRYLWYHVRL]KRGLãþH]DYVHQDGDOMQMHNRUDNHGRNRQþQHYDOLGDFLMHVLVWHPD
 5D]YRMPRGHODKLVWHUH]H
,]EHUHPR HNVSHULPHQWDOQL SULVWRS N PRGHOLUDQMX VDM FLOM QL QDWDQþQR UD]XPHYDQMH
GRJDMDQMDYPDWHULDOX WHPYHþþLPEROMKLWUD LQ]DQHVOMLYDNRUHNFLMD L]KRGD WLSDODYUHDOQHP
þDVX
0RGHO]DVWDYLPRNRWIXQNFLMRNLL]WUHQXWQHJDLQSUHMãQMLKSRORåDMHYWLSDODݔL]UDþXQD
RFHQR L]KRGD GDMDOQLND ݕ NL QDM EL ELO HQDN SUDYL YUHGQRVWL ݔ YHQGDU MH REUHPHQMHQ V
SRJUHãNRP݁2EWUHQXWQHPþDVX߬ ൌ ݐODKNR]DSLãHPR
ݕሺ߬ ൌ ݐሻ ൌ ݂ሼݔሺ߬ ൌ ݐሻǡ ݔሺ߬ ൏ ݐሻሽ ൎ ݔሺ߬ ൌ ݐሻ 
R]LURPDYGLJLWDOL]LUDQLREOLNL
ݕ௜ ൌ ݂ሼݔ௜ǡ ݔ௜ିଵǡ ݔ௜ିଶǡ ǥ ሽ ൎ ݔො௜ ൌ ݔ௜ ൅ ݁௜Ǥ 
*OHGH QD ]JRUQMH XJRWRYLWYH LQ ]DKWHYH VH WDNRM SRQXGL QDMHQRVWDYQHMãDPRåQRVW ± Y
SULPHUXQDUDãþDQMDYUHGQRVWL L]KRGD WLSDOD SUHPLNDQMHQDSUHM MHSRWUHEQRSULãWHWL YUHGQRVW
ܣ௣௢௚௥௘௦௘௞YQDVSURWQHPSULPHUXSDMRRGãWHWL
ݕ௜ ൌ ൜
ݔ௜ െ ܣ௣௢௚௥௘௦௘௞Ǣ ݔ௜ ൐ ݔ௜ିଵ
ݔ௜ ൅ ܣ௣௢௚௥௘௦௘௞Ǣ ݔ௜ ൏  ݔ௜ିଵ
 
+LWUR RSD]LPR GDPRGHO VODERRSLVXMH GRJDMDQMH QDPHVWLK NMHU þLWDOQD JODYDPHQMD
VPHU 9 SULPHUX ]HOR ILQLK VSUHPHPE DOL SR]LFLMVNHJD ãXPD SD ODKNR SULYHGH FHOR GR
QH]YH]QRVWLQDL]KRGXNDUMHQHGRSXVWQR=DWRSUHGODJDQRHQDþERSULODJRGLPRYREOLNR

6OLND3RVQHWHNSRJUHãNDGDMDOQLNDSULSUHPLNDQMXYHQRLQGUXJRVPHU
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

ݕ௜ ൌ ቐ
ݔ௜ െ ܣ௣௢௚௥௘௦௘௞Ǣ ݔ௜ ൐ ݔ௜ିଵ ൐ ݔ௜ିெǢ ݔ௜ െ ݔ௜ିெ ൐ ߣ
ݔ௜ ൅ ܣ௣௢௚௥௘௦௘௞Ǣ ݔ௜ ൏  ݔ௜ିଵ ൏ ݔ௜ିெǢ ݔ௜ െ ݔ௜ିெ ൏ െߣ
ǫ ǡ 

ܯ א Գǡ

NDUERSUHGVWDYOMDORL]KRGLãþQRSUHGSRVWDYNR]DVHVWDYRPRGHOD9QDGDOMHYDQMXERPRL]SHOMDOL
UD]PLVOHN QD SRGODJL NDWHUHJD ERPR QDWR GRSROQLOL GHILQLFLMR PRGHOD SR HQDþEL  ]
XVWUH]QLPPDQMNDMRþLPWUHWMLPþOHQRP
 )L]LNDOQRGRJDMDQMHYPDWHULDOXNRWLQVSLUDFLMD]DUD]YRMPDWHPDWLþQHJDPRGHOD
$05WLSDORMHVHVWDYOMHQRL]WDQNHSODVWLSHUPDORMDNDNRUVPRRSLVDOLYSRJODYMX
7DNãHQIHURPDJQHWQLPDWHULDOODKNRPDJQHWQRSUHGVWDYLPRNRWVNXSHNWL:HLVVRYLKGRPHQ
WRUHM REPRþLM V NRQVWDQWQR PDJQHWL]DFLMR 9 QDGDOMHYDQMX ERPR ]DQHPDULOL PHGVHERMQR
LQWHUDNFLMRSRVDPH]QLKGRPHQ LQSULY]HOLGD MHSROMHNLGHOXMHQDSRVDPH]QRGRPHQRNDU
HQDNR]XQDQMHPXSROMXNLJDSRY]URþDPDJQHWQLWUDN3UDYWDNRVHERPRRPHMLOLQDSUREOHPY
'VDMVHSROMHPDJQHWQHJDWUDNXYUWL]JROMYUDYQLQLQDQRVDVHQ]RUVNHSODVWL
3UHGSRVWDYLPRWRUHMPDWHULDONRWL]RWURSHQVNXSHNPDJQHWQLKGRPHQVOLND9VDND
GRPHQDL]ND]XMHVYRMRODVWQRPDJQHWL]DFLMHNLVHODKNR]JROMYUWLQMHQDDEVROXWQDYUHGQRVWSD
VHQHVSUHPLQMD7DNãQRPDJQHWQRVWUXNWXURMHPRJRþHPDWHPDWLþQRSUHGVWDYLWLNRWPDJQHWQL
GLSROQLPRPHQW݌௠ሬሬሬሬሬԦ3RORåDMPHULPRSUHNRPDJQHWL]DFLMHPDWHULDODWRUHML]PHUMHQRYUHGQRVW
GRORþDMRSUDYXVPHUMHQRVWLPDJQHWQLKGLSROQLKPRPHQWRY݌௠ሬሬሬሬሬԦ
1DYRUQDPDJQHWQLGLSROY]XQDQMHPPDJQHWQHPSROMXRSLVXMHHQDþED
ሬܶԦ ൌ ݌௠ሬሬሬሬሬԦ ൈ ܤሬԦ 
R]LURPDYVNDODUQLREOLNL
ܶ ൌ ݌௠ܤ  ߙǡ 
NMHUMHߙNRWPHGYHNWRUMHPD݌௠ሬሬሬሬሬԦܤሬԦ
'RPHQHLPDMR]DUDGLUD]OLþQHREOLNHLQYHOLNRVWLUD]OLþQRL]UDåHQGLSROQLPRPHQW݌௠ýH
]DQHPDULPRJLEDQMHGRPHQVNLKVWHQODKNR]DSRVDPH]QRGRPHQRVPDWUDPRYUHGQRVW݌௠NRW
þDVRYQRQHVSUHPHQOMLYR6SUHPLQMDVHODKNROHWUHQXWQDVPHUGLSROQLKPRPHQWRYSRVDPH]QLK
GRPHQ NDU SRY]URþL GRYROM YHOLN QDYRU ]XQDQMHJDPDJQHWQHJD SROMDܤሬԦ 6OHGQMH MH ]D YVH
GRPHQHVNXSQRLQMHRGYLVQRQHSRVUHGQRRGWUHQXWQHJDSRORåDMDQDGPDJQHWQLPWUDNRP
5D]YRMPRGHODKLVWHUH]H 


6OLND0DWHULDONRWVNXSHNPDJQHWQLKGRPHQ
3ULSUDYR PRGHOD WRUHM ]DþQLPR ] QDVOHGQMLP UD]PLVOHNRP 6LVWHP SUHGVWDYLPR NRW
VNXSLQRPDWHPDWLþQLKVWUXNWXUNDWHULKWUHQXWQRVWDQMHRGUDåDUDYQLQVNLNRWPDJQHWL]DFLMH7D
NRWVHODKNRVSUHPHQLþHQDVWUXNWXURYSOLYDPR]GRYROMYHOLNLPQDYRURPWRUHMþHVHGRYROM
SRYHþDUD]OLNDPHGYKRGQRYHOLþLQR±VPHUMR]XQDQMHJDSROMDLQXVPHUMHQRVWMRGRPHQHWRUHM
VWDQMHPVWUXNWXUHýHWDQDYRUQHGRVHåHNULWLþQHYUHGQRVWLVHVWDQMHGRPHQHQHVSUHPHQL9
VSORãQHP ODKNR YVDNL PDJQHWQL GRPHQL SULSLãHPR PHMQL SRWUHEQL QDYRU EHUL RGVWRSDQMH
XVPHUMHQRVWLGRPHQHRG]XQDQMHJDPDJQHWQHJDSROMDNLSUHPDNQHVPHUQMHQHJDPDJQHWQHJD
GLSRODYVPHU]XQDQMHJDSROMD
 9SHOMDYDED]QLKIXQNFLMªGRPHQD©SRY]RUXIXQNFLMSOD\LQVWRS
,]EUDQDPDWHPDWLþQDVWUXNWXUDPRUDL]ND]RYDWL]JRUDMQDYHGHQHODVWQRVWLKNUDWLSDPRUD
PRGHO NRW NRPELQDFLMD YHþMHJD ãWHYLOD WHK VWUXNWXU XVWUH]DWL ]DKWHYDP L] SRJODYMD  9
SRJODYMXVPRRSLVDOLQHNDMSULPHURYPRGHORYNLWHPHOMLMRQDUD]OLþQLKWLKLVWHUH]QLKED]QLK
IXQNFLM QD SULPHU KLVWHULRQ SUL 3UHLVDFKRYHP PRGHOX IXQNFLML SOD\ LQ VWRS WHU QMXQH
JHQHUDOL]LUDQHL]YHGEH3UHLVDFKRYKLVWHULRQQLSULPHUHQ]DXSRUDER]DNRPSHQ]DFLMRKLVWHUH]H
Y GDMDOQLNLK SRORåDMD NHUPRGHO V NRPELQDFLMR KLVWHULRQRY QH L]SROQMXMH SRJRMD ]YH]QRVWL
)XQNFLMD WLSD VWRS SUDY WDNRQL XSRUDEHQ ]D UHãLWHY GDQHJD SUREOHPD VDM RGUDåD QDVLþHQMH
RPHMHQRVWREPRþMD LQ L]KRGQHYHOLþLQH ,]EHUHPR WRUHM IXQNFLMR L]GUXåLQHSOD\QDWDQþQHMH
IXQNFLMRRGSRUD
,]EUDQRIXQNFLMRERPRSRDQDORJLML]PDJQHWQLPQDYRURPL]SRJODYMDLPHQRYDOL
ªGRPHQD©,]EHUHPRVLPHWULþHQRSHUDWRUSOD\]OLQHDUQLPDUREQLPDIXQNFLMDPDVWUPLQH
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

(QDþER]DGRPHQR]DSLãHPRNRW
ܦሾ݅ሿ ൌ ൜
ሺݔ௜ ൅ ߶ǡ ܦ௜ିଵሻ Ǣ ݔ௜ ൑ ݔ௜ିଵ
ሺݔ௜ െ ߶ǡܦ௜ିଵሻ Ǣ ݔ௜ ൐ ݔ௜ିଵ
Ǣ
߶ ൒ Ͳǡ

NMHULQGHNVLR]QDþXMHþDVRYQR]DSRUHGMHFLNORYGDMDOQLND
 6XSHUSR]LFLMDGRPHQVNLKED]QLKIXQNFLM
7DNR NRW MH $05PDWHULDO Y UHVQLFL VNXSHNPDJQHWQLK GRPHQ WXGL FHORNXSQL RG]LY
PRGHODGDMDOQLNDSUHGVWDYLPRNRWNRPELQDFLMRYHþMHJDãWHYLODIXQNFLMWLSDGRPHQD6OLND
SULND]XMHRG]LYNLJDGRELPRVSRYSUHþHQMHPRG]LYDGYHKGRPHQ]UD]OLþQLPDSDUDPHWURPD
׋׋!׋

6OLND0DWHPDWLþQDGRPHQDSRY]RUXED]QHIXQNFLMHSOD\
5D]YRMPRGHODKLVWHUH]H 

1DGDOMQMH ODKNRPRGHO SRVSORãLPR QD XWHåHQR YVRWR SROMXEQHJD ãWHYLOD GRPHQ' GR'1
6HãWHYDOQRVKHPRSULND]XMHVKHPDQDVOLNL2SD]LPRQHNDMRGVWRSDQMRGNODVLþQHVHãWHYDOQH
VKHPHPRGHOD3,NLVPRMRVSR]QDOLQDVOLNL*UH]DSULODJRGLWYHQDGDQHYKRGQRL]KRGQH
YHOLþLQH
 5HDOL]DFLMD
,]YHGEDPRGHODVH]DþQH]LQLFLDOL]DFLMRSDUDPHWURYPRGHODLQDORNDFLMRVSUHPHQOMLYN
1DMSUHM L]EHUHPR VWRSQMR PRGHOD WRUHM ãWHYLOR XSRUDEOMHQLK ED]QLK IXQNFLM 1 3ULSUDYLPR
YHNWRUࣘ GROåLQH1 YNDWHUHP MH ]DYVDNR LWRGRPHQRSULSDGDMRþLPHMQL NRW߶௜3RGREQR
SULSUDYLPRYHNWRU XWHåL࢝ ൌ ሼݓଵǡݓଶǡǥ ǡݓேሽ2 L]ELUL YUHGQRVWL߶௜ WHUݓ௜ ERPRJRYRULOL Y

6OLND3ULPHUDGLWLYQHJDPRGHOD]GYHPDGRPHQDPD

6OLND6KHPDWVNLSULND]VXSHUSR]LFLMHGRPHQ
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

SRJODYMX$ORFLUDPRãHYHNWRU'YNDWHUHPERGRVKUDQMHQHWUHQXWQHYUHGQRVWLGRPHQSUDY
WDNRGROåLQH1
=DþHWQHYUHGQRVWLGRPHQODKNRL]EHUHPRQDSROMXEHQQDþLQ3RJRVWRåHOLPRQDSULPHU
QD ]DþHWNX VLPXODFLMH SUHGSRVWDYLWL UD]PDJQHWHQ PDWHULDO 'REHU SULEOLåHN WHJD VWDQMD VR
SRYVHPQDNOMXþQRRULHQWLUDQHGRPHQH9WDNHPSULPHUXYHNWRU'QDSROQLPR]QDNOMXþQLPL
YUHGQRVWPL]LQWHUYDOD>'UXJHPRåQRVWLVRQDSULPHULQLFLDOL]DFLMDQDDOLSDQDSUYR
L]PHUMHQRYUHGQRVWNLVHSRMDYLQDYKRGXPRGHOD2EVDPHP]DJRQXPRGHODKLVWHUH]HNLMH
RGSUHGKRGQLKVWDQMRGYLVHQSRMDYSDþQHPRUHPRSULþDNRYDWLSUDYLOQHJDRG]LYD±YUHGQRVWL
GRPHQERGRãHOHSRQHNDMFLNLKGHORYDQMDNRQYHUJLUDOHGRSUDYHUHãLWYH
0RGHO SRWHND Y þDVRYQR GLVNUHWQLK FLNOLK NL ERGR NDVQHMH YH]DQL QD GHORYQH FLNOH
GDMDOQLND 9VDNRNUDWHQ FLNHO VH ]DþQH ] ]DMHPRPPHULWYH SRORåDMD QDG WUDNRP 9 WHM ID]L
SRGDWHNSULGRELPRVSRPRþMRUHIHUHQþQHJDGDMDOQLNDODKNRSDJDWXGLVLPXOLUDPR6SRPQLPR
GDMHWDSRGDWHNL]UDåHQYNRWQLKVWRSLQMDKDOLYSRGREQLKHQRWDKYH]DQRQDNRWPDJQHWQHJD
SROMDQDPHVWXWLSDODLQVWHPQDSRORåDMPHULOQHJODYH]QRWUDMPDJQHWQHSHULRGH
3R]DMHWMXYKRGQLSRGDWHNSULPHUMDPRVVWDQMHPYVDNHL]PHG1GRPHQýHYHOMD
ȁݔ െ ܦ௜ȁ ൐ ߶௜ ר ݔ െ ܦ௜ ൐ Ͳǡ 
WRUHMVWDQMHGRPHQHSUHYHþ]DRVWDMD]DYKRGQRYHOLþLQRL]YHGHPR
ܦ௜ ൌ ݔ െ ߶௜Ǥ 
3RGREQRSUHYHULPRãH]DGUXJRVPHUýHYHOMD
ȁݔ െ ܦ௜ȁ ൐ ߶௜ ר ݔ െ ܦ௜ ൏ Ͳǡ 
L]YHGHPR
ܦ௜ ൌ ݔ ൅ ߶௜Ǥ 
ýHQREHGHQRGSRJRMHYQHYHOMDVHYUHGQRVWGRPHQHQHVSUHPHQL
3RRVYHåLWYLYVHK1GRPHQL]UDþXQDPRL]KRGVLPXOLUDQHJDGDMDOQLNDSRHQDþEL
Ƹ݁ ൌ ෍ݓ௜ሺܦ௜ െ ݔሻ
ே
௜ୀଵ
Ǥ 
1DVOLNLMHSRWHNGHORYQHJDFLNODSULND]DQãHYREOLNLGLDJUDPD
5D]YRMPRGHODKLVWHUH]H 

 3ULPHUGHORYDQMDPRGHOD]L]EUDQLPLSDUDPHWUL
=DVWDYOMHQL PRGHO VPR VSUYD åHOHOL SUHL]NXVLWL LQ VH SUHSULþDWL GD MH ] QMLPPRJRþH
PRGHOLUDWL RG]LYH NDNUãQH L]ND]XMH RSD]RYDQL $05 2SLVDQR UXWLQR VPR UHDOL]LUDOL Y
SURJUDPVNHPRNROMX0DWODE1DWRMHELORSRWUHEQRVPLVHOQRQDVWDYLWLSDUDPHWUHPRGHOD,VNDQL
SDUDPHWULVRãWHYLORGRPHQ1YHNWRUNULWLþQLKQDYRURYGROåLQH1WHU]DþHWQHYUHGQRVWLWUHQXWQLK
VWDQMGRPHQSUDYWDNRGROåLQH13RLVNDWLVPRåHOHOLNRPELQDFLMRVNDWHURELODKNRSRWUGLOL
]DKWHYHL]SRJODYMD

6OLND'LDJUDPSRWHND0='
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

'DELRPRJRþLOLþLPYHþMRIOHNVLELOQRVWREOLNHWHUJODGHNRG]LYL]EHUHPRGRYROMYHOLNR
ãWHYLORGRPHQ1QDSULPHU7RSRPHQLGDERPRWUDQ]LFLMRJLEDQMDWLSDODL]HQHVPHULY
GUXJRDSURNVLPLUDOLVVWRWLPLOLQHDUQLPLRGVHNL9VDNL]PHGWHKRGVHNRYSRWUHEXMH]DþHWQRLQ
NRQþQRWRþNRNDUYSUDNVLSRPHQLGDMHYVDNLL]PHGGRPHQSRWUHEQRGRORþLWLSDUDPHWHU׋2G
L]ELUHYHNWRUMDࣘMHRGYLVQDREOLNDRG]LYD
=D SROQMHQMH YHNWRUMDࣘ VL SULSUDYLPR IXQNFLMR NL ER YUHGQRVWL JHQHULUDOD VNODGQR ]
QDãLPL]DKWHYDPL]DGHORYDQMH=DWRIXQNFLMRQDMYHOMDMRQDVOHGQMHSUHGSRVWDYNH
 .HUVRYQDUDYLVSUHPHPEH]YH]QHMLKSULþDNXMHPRWXGLWXNDM)XQNFLMDQDMER]YH]QD
QDLQWHUYDOX>@WHUPRQRWRQD
 1HRGYLVQDVSUHPHQOMLYNDWRUHMYKRGQLSRGDWNL]DL]UDþXQQDMER1HNYLGLVWDQWQLK
WRþNPHGLQ
 .HUJUH]DPHKNRPDJQHWQLPDWHULDOåHOLPRGDVHYHþLQDGRPHQREUQHåHSULPDMKQLK
QDYRULK=DWRQDMLPDYHþLQDGRPHQYUHGQRVWLNULWLþQHJDQDYRUDEOL]X
 'RPHQH]DRVWDMDMROHGRQHNHJDNRWDRGWDPQDSUHMSDSUDNWLþQRYVHVOHGLMR
]XQDQMHPXPDJQHWQHPXSROMX7DPDNVLPDOQLNRW]DRVWDQNDSRLPHQXMHPRߴௗ௢௦௘௚
 .RMHWDNRW]DRVWDQNDGRVHåHQVRYVHGRPHQHQDPHMQLYUHGQRVWLýHVHNRW
]XQDQMHJDSROMDãHQDSUHMVSUHPLQMDYLVWLVPHULVH]DRVWDQHNSULQREHQLGRPHQLQH
PRUHYHþSRYHþHYDWL&HORWQL]DRVWDQHNMHRGWXQDSUHMNRQVWDQWHQLQLPDYUHGQRVW
ߴ௦௔௧
*OHGHQDYVHQDãWHWRWRUHMLãþHPRSR]LWLYQR]YH]QRIXQNFLMRPHGLQNLLPDSRYSUHþQR
YUHGQRVWߴ௦௔௧QDMYLãMRYUHGQRVWߴௗ௢௦௘௚QDMPDQMãRYUHGQRVWYHþLQDYUHGQRVWLSDMHEOL]X
,]EHUHPRIXQNFLMRREOLNH
݂ሺݔሻ ൌ ܣݔ஻Ǣ ݔ א ሾͲǡͳሿǡ ܣ ൐ Ͳǡ ܤ ൐ ͲǤ 
3DUDPHWUD$LQ%GRORþLPRWDNRGDYHOMDMR]JRUQMHWUGLWYH,]WRþNHWDNRGRELPRSRJRM
ͳ
ͳ െ Ͳ
න ݂ሺݔሻݔ
ଵ
଴
ൌ ߴ௦௔௧Ǥ 
9SULPHUXQDVLþHQMDERGRQDPUHþYVHGRPHQH]DY]HOHPDNVLPDOQRPRåQRYUHGQRVWWRUHMࢥ
,]KRGPRGHODUDþXQDPRNRWSRYSUHþQRYUHGQRVWWUHQXWQHJDVWDQMDGRPHQNLPRUDELWLYWHP
SULPHUXHQDNDߴ௦௔௧Ǥ(QDþERUD]UHãLPRLQGRELPR
ͳ
ͳ െ Ͳ
න ݂ሺݔሻݔ
ଵ
଴
ൌ ͳන ܣݔ஻ݔ
ଵ
଴
ൌ ܣ
ݔ஻ାଵ
ܤ ൅ ͳ
ቤ
௫ୀ଴
ଵ
ൌ
ܣ
ܤ ൅ ͳ
ൌ ߴ௦௔௧Ǥ 
,]WRþNHGRELPRHQDþER
ሼ݂ሺݔሻሽ ൌ ሼܣݔ஻Ǣ ݔ א ሾͲǡͳሿሽ ൌ ܣ ൌ ߴௗ௢௦௘௚Ǥ 
5HãLWHYVLVWHPDWHKGYHKHQDþEMH
5D]YRMPRGHODKLVWHUH]H 

ܣ ൌ ߴௗ௢௦௘௚

ܤ ൌ
ߴௗ௢௦௘௚
ߴ௦௔௧
െ ͳǤ

)XQNFLMDNLXVWUH]D]DVWDYOMHQLPSRJRMHPMHWRUHM
݂ሺݔሻ ൌ ߴௗ௢௦௘௚ݔ
ణ೏೚ೞ೐೒
ణೞೌ೟
ିଵǡ ݔ א ሾͲǡͳሿǤ 
9GLVNUHWL]LUDQLREOLNL]DL]UDþXQSRVDPH]QLKYUHGQRVWLSDUDPHWURYࢥWRSRPHQL
߶௜ሺ݅ሻ ൌ ݂ ൬
݅
ܰ
൰ ൌ ߴௗ௢௦௘௚ ൬
݅
ܰ
൰
ణ೏೚ೞ೐೒
ణೞೌ೟
ିଵ
Ǣ

݅ ൌ Ͳǡͳǡ ǥ ǡ ܰǤ

6 SRPRþMR HQDþEH  VR NULWLþQL QDYRUL NRW QDMSRPHPEQHMãL SDUDPHWUL PRGHOD
GRORþHQL'RORþLWLPRUDPRãHYHNWRU࢝WRUHMYHNWRUXWHåL]DSRVDPH]QHGRPHQHSULL]UDþXQX
VNXSQHQDSDNHPDWHULDOD3ULWHPSUHL]NXVXERPRSUHGSRVWDYLOLHQDNRYUHGQRVWGRPHQ]DWRYVH
XWHåLSRVWDYLPRQD
=RSD]RYDQMHPL]EHUHPRQDVOHGQMHYKRGQHSDUDPHWUH
N = 100;    % Št. domen 
theta_doseg = 100;  % Pri katerem zaostanku se   nasiči  
theta_sat = 15;  % Maksimalen zaostanek skupno      
8SRUDELPRHQDþEL  WHU  LQ WDNR L]UDþXQDPRSRVDPH]QHYUHGQRVWL SDUDPHWURYࢥ
5D]SRUHGLWHYSRGRPHQDKSULND]XMHVOLND
6WHPVRSDUDPHWULPRGHODGRORþHQL=DþHWQRVWDQMHGRPHQLQLFLDOL]LUDPRWDNRGDNDU
QDMEROMHRGUDåDUD]PDJQHWHQPDWHULDO7RSRPHQLGDVRGRPHQHQDNOMXþQRRULHQWLUDQH9HNWRU
'WRUHMQDSROQLPR]QDNOMXþQLPLYUHGQRVWPL]LQWHUYDOD>NRWSULND]XMHVOLNDOHYR
.R XYHGHPR ãH ]XQDQMHPDJQHWQR SROMH UGHþD SXãþLFD QD VOLNL  VH GRPHQH ] QL]NLPL

6OLND.RWL]DRVWDQNRY׋SRVDPH]QLKPDJQHWQLKGRPHQ
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

YUHGQRVWPLNULWLþQHJDQDYRUDVNRUDMSRYVHPSRUDYQDMR]QMLP'RPHQH]YLãMLPLYUHGQRVWPL
GHORPDREGUåLMRVYRMRSUYRWQRVPHUPDJQHWL]DFLMH6OLNDGHVQRSULND]XMHVWDQMHWUHQXWQLK
RULHQWDFLMGRPHQNLVRELOHL]SRVWDYOMHQH]XQDQMHPXPDJQHWQHPXSROMXYUWHþHPVHYVPHUL
XULQHJDND]DOFD.HUVRGRPHQH]DUDGLSUHJOHGQRVWL]ORåHQHSRQDUDãþDMRþHPNULWLþQHPQDYRUX
RGOHYHJDVSRGQMHJDNRWDSURWLGHVQHPX]JRUQMHPX MHYWHMVPHULRSD]HQWXGL WUHQGþHGDOMH
YHþMHJDRGNORQDXVPHUMHQRVWLGRPHQRG]XQDQMHJDSROMDYPDWHPDWLþQRSR]LWLYQRVPHU
0RGHOSUHL]NXVLPRWDNRGDSULSUDYLPRDUELWUDUQRYKRGQRYHOLþLQRLQRSD]XMHPRL]KRG
'RORþLPRL]EUDQRVHNYHQFRSUHPLNDQMDNLQDMYVHEXMHYHþREUDWRYVPHUL3ULWHPQDMVLQHNDM
REUDWRYVOHGLYKLWUHP]DSRUHGMXWDNRGDVHYYPHVQHPþDVXKLVWHUH]QLXþLQHNãHQHVWDELOL]LUD
PHGGUXJLPLVSUHPHPEDPLVPHULSDQDMERGRYROMPRQRWRQHJDSUHPLNDQMDGDYVHGRPHQH
GRVHåHMR YUHGQRVW NULWLþQLK QDYRURY 7DNãQR VHNYHQFR SUHGVWDYLPR NRW ]DSRUHGMH YKRGQLK
SUDYLK SRORåDMHY PHULOQH JODYH 1D VOLNL  MH SULND]DQR ] PRGUR NULYXOMR 3RåHQHPR
VLPXODFLMRLQGRELPRXVWUH]QRVLPXODFLMRRG]LYDNLMRR]QDþXMHUGHþDNULYXOMD
 
6OLND7UHQXWQDVPHUªGRPHQ©/HYR]DþHWQRVWDQMHGRPHQVLPXOLUDUD]PDJQHWHQPDWHULDOGHVQR
VWDQMHGRPHQQDNRQFXVLPXODFLMH5GHþDSXãþLFDR]QDþXMHVPHU]XQDQMHJDSROMDY]DGQMHPNRUDNX
VLPXODFLMH=DSRUHGQHãWGRPHQHQDUDãþDMRRGVSRGQMHJDOHYHJDNRWDSRVWROSFLKSURWL]JRUQMHPX
GHVQHPX
5D]YRMPRGHODKLVWHUH]H 

=D EROMãR SUHJOHGQRVW VL RJOHMPR OH UD]OLNR PHG YKRGQR LQ L]KRGQR YHOLþLQR WRUHM
SRJUHãHNPHULWYH]DUDGLKLVWHUH]QHJDHIHNWDVOLND.HU MHVPHUJLEDQMD WXNDMQXMQD]D
UD]XPHYDQMHMHªþDVRYQL©SRWHNPHULWYHSULND]DQ]EDUYQRVNDOR
ýHSULPHUMDPRVOLNLLQWRUHMSULPHUPHULWYHSRJUHãNDWLSDOD]PRþQRL]UDåHQR
KLVWHUH]R LQ SD VLPXODFLMR ] PRGHORP ]DRVWDMDMRþLK GRPHQ åH ODKNR ]DVOXWLPR XMHPDQMH

6OLND5H]XOWDWVLPXODFLMHL]KRGQHYHOLþLQHWLSDODVKLVWHUH]R

6OLND5H]XOWDWVLPXODFLMHSRJUHãNDPHULWYH]DUDGLKLVWHUH]H%DUYQDVNDODSRQD]DUMDþDVRYQR
]DSRUHGMHYUHGQRVWL
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

8VSHãQRVPRSRND]DOLGDPRGHONYDOLWDWLYQRGREURRGUDåDODVWQRVWLRG]LYDGDMDOQLNDSRORåDMD
]$05WLSDORP
 8SRUDEDPRGHOD]DNRPSHQ]DFLMRKLVWHUH]H
9SRJODYMXVPRSULSUDYLOLPRGHONLRPRJRþDVLPXODFLMRSRJUHãNDGDMDOQLND]DUDGL
KLVWHUH]H JOHGH QD þDVRYQL SRWHN UHDOQHJD SUHPLNDQMD þLWDOQH JODYH 9 QDVOHGQMHP NRUDNX
åHOLPRPRGHOXSRUDELWLSULVSURWQLNRPSHQ]DFLMLKLVWHUH]QHQDSDNH3ULWHPERSRWUHEQRXYHVWL
QHNDMSULODJRGLWHYVDMUHIHUHQþQLGDMDOQLNYDSOLNDFLMLQHERYHþQDYROMR6OLNDSULND]XMH
LGHMQREORNRYQRVKHPR]DL]YHGERDOJRULWPD
2G]LYGDMDOQLNDVþDVRYQLPLQGHNVRPLODKNRVHVWDYLPRNRWYVRWRSUDYHYUHGQRVWLNLMH
HQDNDUHIHUHQþQLWHUSRJUHãHNPHULWYH]DUDGLKLVWHUH]H7DSRJUHãHNMHIXQNFLMDSUHWHNOLKVWDQM
VLVWHPD
ݔො௜ ൌ ݔ௜ ൅ ݂ሼݔ௜ǡ ݔ௜ିଵǡ ݔ௜ିଶǡ ǥ ሽ ൌ ݔ௜ ൅ ݁௜ǡ 
NMHU VWUHãLFD R]QDþXMH RFHQMHQR YUHGQRVW SRORåDMD NL JD GRORþL GDMDOQLN [ SD SUDYR
YUHGQRVWSRORåDMDNLMHHQDNDL]KRGXUHIHUHQþQHJDGDMDOQLNDYþDVRYQHPWUHQXWNXL3RJUHãHN
PHULWYHMHIXQNFLMDSUHWHNOLKþDVRYQLKWUHQXWNRYQDWDQþQHMHSRORåDMHYݔ௜ିଵǡଶǡଷǡǤǤ
6HGDM åHOLPR PRGHO REUQLWL LQ SRLVNDWL SUDYR YUHGQRVW SRORåDMD GDMDOQLND JOHGH QD
L]PHUMHQHYUHGQRVWLVDMUHIHUHQþQLGDMDOQLNYNRQþQLDSOLNDFLMLQLSULVRWHQ,ãþHPRWRUHMIXQNFLMR
J]DNDWHURYHOMD
ݔ௜ ൌ ݔො௜ െ ݃ሼݔො௜ǡ ݔො௜ିଵǡ ݔො௜ିଶǡ ǥ ሽ ൌ ݔො௜ െ ݁௜Ǥ 
.HUYHOMD
ݔ௜ ൎ ݔො௜ 
LQ
݁௜ ا ͳ 

6OLND%ORNRYQDVKHPDVLVWHPDVNRPSHQ]DFLMRSRJUHãND
8SRUDEDPRGHOD]DNRPSHQ]DFLMRKLVWHUH]H 

LQMHREþXWOMLYRVWIXQNFLM I LQJQDVSUHPHPERYKRGQLKSDUDPHWURYNRWERPRSRND]DOL]HOR
PDMKQDODKNRYGRYROMGREUHPSULEOLåNXSULY]DPHPR
݂ሼǥ ሽ ൎ ݃ሼǥ ሽ ൎ ெ݂௓஽ሼǥ ሽ 
LQ
ሼݔ௜ǡ ݔ௜ିଵǡ ݔ௜ିଶǡ ǥ ሽ ൎ ሼݔො௜ǡ ݔො௜ିଵǡ ݔෝ௜ିଶǡ ǥ ሽǤ 
7RUHMODKNRL]KRGGDMDOQLND]RGVWUDQMHQLPYSOLYRPKLVWHUH]HL]UDþXQDPRNRW
ݕ௜ ൌ ݔො௜ െ Ƹ݁௜ ൌ ݔො௜ െ ெ݂௓஽ሼݔො௜ǡ ݔො௜ିଵǡ ݔො௜ିଶǡ ǥ ሽǡ 
SUL þHPHU MH ெ݂௓஽ IXQNFLMDPRGHOD ]REUDþDQMHPGRPHQYKRGQHYUHGQRVWL SD VR ]DSRUHGMH
PHULWHYGDMDOQLND
 'D SRNDåHPR SUHGSRVWDYNR L] HQDþEH  VL RJOHMPR REþXWOMLYRVW IXQNFLMH I QD
SULPHUX WLSLþQHJDSRJUHãNDQD VOLNL=DQLPDQDVQDMYHþMDVWUPLQDSRJUHãNDGDMDOQLNDQD
VPLVHOQRãLURNHPREPRþMXWRUHM
 ൜ฬ
݁
ݔ
ฬൠ ൌ
ȟ݁
ȟݔ
ฬ
௫ୀି଼ହ଴
ି଻଼଴
ൌ
ͲǡͶͷι
͹Ͳι
ൌ ͸ǡͶʹͺ ή ͳͲିଷǤ 
1DMYHþMLSRJUHãHNGDQHPHULWYHQDREPRþMXMH
 ȁݔො െ ݔȁ ൌ ͲǡͺǤ 
7RUHMMHQDMYHþMDQDSDNDL]UDþXQDIXQNFLMHINLMRSRY]URþLXSRUDEDݔොQDPHVWR[NRWYKRGQHJD
DUJXPHQWDHQDND
 ȁ݂ሺݔሻ െ ݂ሺݔොሻȁ ൌ  ȁݔො െ ݔȁ ή  ൜ฬ
݁
ݔ
ฬൠ ൌ ͷǡͳͶι ή ͳͲିଷǡ 
NDUSDMHPDQMRGVDPHORþOMLYRVWLPHULWYH
,]YHGERDOJRULWPDYSURJUDPVNHPMH]LNX&SULND]XMHVSRGQMLL]VHNSURJUDPVNHNRGH
Inicializacija_MZD(); 
Kalibracija_MZD(); 
while (1) 
 s = Zajemi_podatke_z_AMR_tipala(); 
x = Izracunaj_trenutni_polozaj(s);
 e = 0; 
 for i=1 to N 
  if  (D[i]-x) > ϕ[i]  
   D[i] = x + ϕ[i]; 
  if  (D[i]-x) < -ϕ[i]  
   D[i] = x - ϕ[i]; 
  e += w[i] * (D[i]-x); 
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

 y = x - e; 
 Poslji(y); 
 8SRUDEDYDSOLNDFLMDK]YHþREUDWL
7LSLþQRDSOLNDFLMHYNDWHULKGHOXMHMRGDMDOQLNL]DVXNDRPRJRþDMRWXGL]DVXNHSUHNR
3UL WHP ODKNR L]ELUDPR PHG WDNR LPHQRYDQLPL YHþREUDWQLPL GDMDOQLNL DQJ PXOWLWXUQ
HQFRGHUVNLSUHWHNOHREUDWHSULãWHYDMRNWUHQXWQLL]PHUMHQLYUHGQRVWLSRORåDMDLQHQRREUDWQLPL
DQJVLQJOHWXUQGDMDOQLNLNLSRSUHKRGXHQRVWDYQR]DþQHMRãWHWLRG]DþHWND9GUXJHP
SULPHUXGRELPRVNRþQRVSUHPHPER L]KRGQHJDNRWDNLSD MHKNUDWL WXGLYKRGQD YHOLþLQD]D
DOJRULWHP0='3RVNUEHWLMHSRWUHEQRGDERGHORYDQMHWXGLYWHPSULPHUXXVWUH]QR
3UHGODJDQD UHãLWHY MHGRGDWQLSRJRM]QRWUDM DOJRULWPDYNDWHUHPVSUHPOMDPRYUHGQRVW
YKRGQHYHOLþLQH.R]D]QDPRSUHOLYYVHGRPHQHXVWUH]QRSUHVWDYLPR]D
0RåQDSRVOHGLFDWHJDMHGDL]KRGGDMDOQLNDSRNRPSHQ]DFLMLQLYHþ]QRWUDMREPRþMD>
=RSHUWDVOXþDMVHXSRUDEOMDYDUQRVWQLXNUHS±GHOMHQMHSRPRGXOX
 .DOLEUDFLMDSDUDPHWURY0='
=D XVWUH]QR GHORYDQMH DOJRULWPD MH SRWUHEQR GRORþLWL YUHGQRVWL YVHK SDUDPHWURY NL
QDVWRSDMRYPRGHOX3UYLMHVHYHGDãWHYLORGRPHQ17RQDYDGQRL]EHUHPRYQDSUHMJOHGHQD
åHOHQRUDYQRWHåMHPHGUDþXQVNRNRPSOHNVQRVWMRLQQDWDQþQRVWMRPRGHOD9QDGDOMHYDQMXVPR
VHRGORþLOL]DXSRUDERSHWLKGRPHQ=DUDGLVODEHSRQRYOMLYRVWLSRJUHãND]DUDGLKLVWHUH]QHJD
HIHNWDQDGDOMQMHYHþDQMH ãWHYLODGRPHQQDPUHþQLYHþSULQHVOR]QDWQHJD L]EROMãDQMD WRþQRVWL
DOJRULWPD
,]ELUDãWHYLODGRPHQGRORþDGROåLQRWDEHO׋LQ'WHUXWHåLNLMLKXSRãWHYDPRREL]UDþXQX
FHORWQHJDRG]LYDPDWHULDODL]VWDQMDSRVDPH]QLKGRPHQWRUHMYHNWRUMDZ
9SRJODYMXVPRåHSUHGVWDYLOLHQRL]PHGPRåQRVWL]DGRORþLWHYSDUDPHWURYSULþHPHU
VPRXWHåLLQ]DRVWDQNHGRORþLOLQDSRGODJLYQHVHQHUD]GDOMHNLMRWLSDORSUHSRWXMHSRREUDWX
SUHGHQVHKLVWHUH]QLHIHNWXVWDOLLQSDNRQþQHGRVHåHQHPDNVLPDOQHKLVWHUH]H=DRVWDQNLGRPHQ
VRELOLL]UDþXQDQLVSRPRþMRHQDþEHXWHåLSDVRELOHSRVWDYOMHQHQDYUHGQRVW7DNãHQ
QDþLQGRORþDQMDSDUDPHWURYGDPRGHONLMHQDSRJOHG]HOREOL]XGHMDQVNHPXVWDQMXYHQGDUMH
]DNDUQDMYHþMHXMHPDQMHPRGHOD]PHUMHQFHPEROMHYVHSDUDPHWUH L]UDþXQDWLQHSRVUHGQR L]
HPSLULþQHPHULWYHWLSDODYGDQLKGHORYQLKUD]PHUDKWRUHMSRYJUDGQMLSULNRQþQHPXSRUDEQLNX
=DWRYQDGDOMHYDQMXSUHGODJDPR UXWLQR]D]DMHPSRGDWNRY WHU L]UDþXQ V NDWHULP MHPRJRþH
PRGHO SRYVHPSULODJRGLWL VLVWHPX6KHPRSRWHND VLJQDORYPHGXPHUMDQMHPSULND]XMH VOLND

.DOLEUDFLMDSDUDPHWURY0=' 

 =DMHPLQSULSUDYDSRGDWNRY]DNDOLEUDFLMR
0HULWHYNLMRMHSRWUHEQRL]YHVWL]DNDOLEUDFLMRPRGHODYVHEXMHGHNRGLUDQL]KRGWLSDODLQ
UHIHUHQþQLSRORåDMPHULOQHJODYH0HULWHYPRUDELWLRþLãþHQDGUXJLKPRWHþLKYSOLYRYNRWVR
SRJUHãNL]DUDGLPDJQHWHQMDDOLQHXVWUH]QHNDOLEUDFLMHVLQXVRLGQLKVLJQDORY0HGPHULWYLMRVH
PHULOQDJODYDJLEOMHQDMSUHMPRQRWRQRYHQRVPHU]DWHPSDYGUXJR9YVDNRVPHUVHPRUD
SUHPDNQLWLWROLNRGDVHKLVWHUH]QLSRMDYXVWDOLWRUHMYVDMHOHNWULþQLSHULRGL*LEDQMHPRUDELWL
GRYROMSRþDVQRGDL]ORþLPRYSOLYSUHKRGQLKSRMDYRYLQþDVRYQLK]DNDVQLWHY3RYUVWLR]QDþLPR
QHNDWHUHNOMXþQHGRJRGNHYPHULWYLNRWSULND]XMHVOLND]DþHWHNPHULWYHWREUDWW
XVWDOLWHYSUHKRGQHJDSRMDYDKLVWHUH]HWWHUNRQHFPHULWYHW
=DMHWH SRGDWNH SR SRWUHEL ãH SUHGKRGQR REGHODPR âXP ]PDQMãDPR V SRPRþMR
QHNDY]DOQHJDILOWUD3D]LWLPRUDPRGDVILOWULUDQMHPQHYQHVHPRGRGDWQLK]DNDVQLWHY1HNDWHUH
YLUHQDSDNODKNRYþDVLKXVWUH]QRL]ORþLPRVNDOLEUDFLMRVLQXVRLGQLKVLJQDORYWDEHOLUDQRQDSDNR
PDJQHWHQMDLQSRGREQLPLXNUHSL1D]DGQMHODKNRãHL]ORþLPRSUHRVWDOLSRJUHãHNNLMHVNXSHQ
WDNR QDUDãþDMRþHPX NRW SDGDMRþHPX VLJQDOX V SRPRþMR PDWHPDWLþQH LQWHUSRODFLMH LQ
RGãWHYDQMD
,GHQWLILFLUDPRWRþNLNMHUþLWDOQDJODYD]DPHQMDVPHUJLEDQMDWLQNMHUVHSRMDYKLVWHUH]H
GRNRQþQRXVWDOLW7XQDPSRPDJDPRQRWRQRVWQDUDãþDQMDR]SDGDQMDUHIHUHQFH3RGDWNL
]DMHWLPHGWHPDGYHPDWRþNDPDERGRYKRGYNDOLEUDFLMVNLDOJRULWHP2EVHJDMRYHNWRUWRþN
UHIHUHQFH࢞WHUSRJUHãHN]DMHWHJDL]KRGDWLSDODࢋ ൌ ࢞ෝ െ ࢞=DREUDYQDYDQH$05GDMDOQLNH
YHOMD࢞ෝ ן עܯሬሬԦWHU࢞ ן עܤሬԦ9QDGDOMHYDQMXERPRYHOLþLQHݔǡ ݔොǡ ݁LQSRORåDMGRPHQHL]UDåDOLY
HQRWDKNRWQHVWRSQMHNDUXVWUH]DGHMDQVNLVPHULPDJQHWQHJDSROMDQDGPDJQHWQLPWUDNRP
 0DWHPDWLþQDL]SHOMDYDNDOLEUDFLMVNHJDSRVWRSND
.RWUD]ORåHQRYSUHMãQMHPSRJODYMXLPDYVDNDGRPHQDREYVDNHPWUHQXWNXVYRMRVPHU
PDJQHWL]DFLMHNLMHRGYLVQDRG]JRGRYLQHYUWHQMDGRPHQHLQWUHQXWQHDPSOLWXGHLQXVPHULWYH
]XQDQMHJDSROMD0RGHO VHVWDYOMD1PDWHPDWLþQLKGRPHQ] UD]OLþQLPLYUHGQRVWPLNULWLþQHJD
]DRVWDQND߶9VDNLGRPHQLSULSDGDWXGLXWHåZNLRGUDåDSRJRVWRVWLQYHOLNRVWIL]LþQLKGRPHQ

6OLND%ORþQDVKHPDNDOLEUDFLMH
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

V SRGREQLPL ODVWQRVWPL Y PDWHULDOX 'D ERGR PRGHOVNL SDUDPHWUL SRSROQRPD GRORþHQL MH
SRWUHEQRWRUHMVSRVWRSNRPNDOLEUDFLMHGRORþLWLYHNWRUMDࣘLQZ
7LN SUHG WUHQXWNRP REUDWD W YVH GRPHQH ] PDNVLPDOQLP ]DRVWDQNRP VOHGLMR
WUHQXWQHPX ]XQDQMHPX SROMX 7DNRM SR REUDWX MH UD]OLND PHG VWDQMHP GRPHQH LQ YKRGQR
YHOLþLQRPDQMãD RG NULWLþQH ]DWR WHPLUXMHMR.R þLWDOQR JODYR LQ V WHP WLSDOR SRPDNQHPR
QDSUHMQDYRU]XQDQMHJDSROMDQDPDJQHWQHGLSROHGRPHQQDUDãþD'RPHQHPLUXMHMRGRNOHUQH
GRVHåH QMLKRYH NULWLþQH YUHGQRVWL QDWR ]DþQHMR VOHGLWL ]XQDQMHPX SROMX 9 WUHQXWNX NR VH
KLVWHUH]DQHKDVSUHPLQMDWLVRYVHGRPHQHGRVHJOHQDVLþHQMH'ROåLQDSRWLNLMRWLSDORSUHSRWXMH
RG REUDWD W GR QDVLþHQMD W R]QDþLPR ] / 3RW UD]GHOLPR QD 1 OLQHDUQLK RGVHNRY
0DWHPDWLþQRWRSRPHQLGD1GRPHQDPGRGHOLPR1YUHGQRVWLSDUDPHWUD߶]LQWHUYDOD>/@
SR QDUDãþDMRþHP YUVWQHP UHGX1DMHQRVWDYQHMãD L]ELUD MH HNYLGLVWDQWQD UD]GHOLWHY LQWHUYDOD
ODKNRSDVHRGORþLPRWXGLGUXJDþH


2G]LYWLSDODMHYYVDNHPWUHQXWNXVHVWDYOMHQL]SULVSHYNRYYVHKGRPHQ6OLNDNDåH
SULPHUNMHUVRGRPHQHUD]GHOMHQHYWULVNXSLQH]UD]OLþQLPL]DRVWDQNL

6OLND6KHPDWLþQLSULND]SRJUHãNDGDMDOQLND]DMHWHJDPHGNDOLEUDFLMVNRUXWLQRLQGRORþLWHY
WLSLþQLKWRþN
.DOLEUDFLMDSDUDPHWURY0=' 

6HGDM SD YVHP VLJQDORPQD VOLNL  RGãWHMPR UHIHUHQþQL VLJQDO1DPHVWR XVPHULWHY
GRPHQLQL]KRGDGDMDOQLNDWDNRGRELPR]DRVWDQHNGRPHQHJOHGHQD]XQDQMHSROMHR]SRJUHãHN
L]KRGD GDMDOQLND 5H]XOWDW Y RGYLVQRVWL RG UHIHUHQþQH OHJH SULND]XMH VOLND  ýDV Y WHP
SULPHUXSRVWDQHSDUDPHWHUQDND]DQVVPHUMRSXãþLF

6OLNDýDVRYQLSRWHNYHOLþLQREPHQMDYLVPHULJLEDQMDGDMDOQLND3ULND]DQDVRVWDQMDUHIHUHQþQHJD
SRORåDMDL]KRGDPHUMHQFDVKLVWHUH]RWHUQRWUDQMDVWDQMD0='VWUHPLGRPHQDPL

6OLND.UDMHYQLSRWHNYHOLþLQREPHQMDYLVPHULJLEDQMDGDMDOQLND3ULND]DQDVRVWDQMD
UHIHUHQþQHJDSRORåDMDL]KRGDPHUMHQFDVKLVWHUH]RWHUQRWUDQMDVWDQMD0='VWUHPLGRPHQDPL
 0RGHOKLVWHUH]H$05WLSDOD]DPHUMHQMHOLQHDUQHJDSRPLND

9HOMD
Ƹ݁ ൌ ෍ݓ௜ሺ߶௜ െ ݔሻ
ே
௜ୀଵ
Ǥ 
=JRUQMLJUDIH[SRREUDWXUD]GHOLPRQD1OLQHDUQLKREPRþLM1DYVDNHPREPRþMXYHOMD
Ƹ݁ ሺݔ ՛ሻ ൌ ෍ ݓ௜ሺ߶௜ െ ݔሻ
௜Ǣଶథ೔வ௫
൅ ෍ ݓ௜ሺെ߶௜ሻ
௜Ǣଶథ೔ஸ௫
ǡ 
L]JUDIDSDODKNRSUHEHUHPRVWUPLQROLQHDUQHJDRGVHND
݇ ൌ
ȟ݁
ȟݔ
Ǥ 
=DRGVHN]LQGHNVRPLNMHUJUHLRGGR1WRUHMYHOMD
߶௜ ൌ
ݔ௜
ʹ
 
WHU
݇௜ ൌ
ȟ݁௜
ȟݔ௜
ൌ
݁௜ െ ݁௜ିଵ
ݔ௜ െ ݔ௜ିଵ
Ǥ 
7XMH]ݔ଴R]QDþHQDUHIHUHQþQDYUHGQRVWYWRþNLREUDWDݔ௜SUHGVWDYOMDMR[NRRUGLQDWHPHMPHG
SRVDPH]QLPLOLQHDUQLPL]OHSNL,]WHJDVOHGLWXGLHQDNRVW
ݔே െ ݔ଴ ൌ ܮǤ 
=DSLãHPRVWUPLQRGRPHQRGGHVQHSURWLOHYL]DSULPHUVWUHPLVNXSLQDPLGRPHQ
െ݇ଷ ൌ ݓଷ
െ݇ଶ ൌ ݓଶ ൅ ݓଷ
െ݇ଵ ൌ ݓଵ ൅ ݓଶ ൅ ݓଷǤ

6LVWHPHQDþE]DSROMXEQL1]DSLãHPRYPDWULþQLREOLNL
࢑ ൌ െ ൦
ͳ ͳ ڮ ͳ
Ͳ ͳ ڮ ͳ
ڭ ڭ ڰ ڭ
Ͳ Ͳ ڮ ͳ
൪࢝ǡ 
UHãLPRVLVWHPLQL]UDþXQDPRXWHåL
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
࢝ ൌ െ൦
ͳ ͳ ڮ ͳ
Ͳ ͳ ڮ ͳ
ڭ ڭ ڰ ڭ
Ͳ Ͳ ڮ ͳ
൪
ିଵ
࢑Ǥ 
6WHPVWDYHNWRUMD׋LQZGRORþHQD


 3RVSORãLWHY]DILNVQRL]EUDQ׋
9VSORãQHPODKNRPHMHPHGOLQHDUQLPL]OHSNLGRORþLPRSROMXEQR ODKNRMLKQDSULPHU
URþQRL]EHUHPRQDJUDIXSRJUHãND7XGLREPRþMHREUDWDWRUHMYUHGQRVW/MHODKNRL]EUDQDRE
YVDNLNDOLEUDFLML]QRYDVþLPHUODKNRGRVHåHPRNDUQDMOHSãHSULOHJDQMH]OHSNRYRULJLQDOQHPX
L]PHUMHQHPXSRJUHãNXPHULWYH
9 SUDNVL SD åHOLPR SRJRVWR HOLPLQLUDWL YVH URþQH SRVHJH Y VLVWHP 6 WHP VH SURFHV
NDOLEUDFLMHSRVSHãLLQDYWRPDWL]LUD9WDQDPHQODKNRYHNWRUࣘGRORþLPRWXGLYQDSUHMLQJDQH
VSUHPLQMDPR Y SURFHVX NDOLEUDFLMH 3UL WHP SD]LPR GD Y]DPHPR QHNROLNR YHþML / RG
SULþDNRYDQHJD WRUHM GD ]DVWDYLPR PRGHO WDNR GD ER UDMH SRNULYDO SUHãLURNR NRW SUHR]NR
REPRþMH = YDULLUDQMHP ãWHYLOD 1 WHU UD]SRUHGLWHY PHM ODKNR RSWLPL]LUDPR GHOLWHY ]DMHWLK
SRGDWNRYQDOLQHDUQHRGVHNHLQVWHPXMHPDQMHPRGHOD]PHULWYDPL1DMEROMRþLWQDUD]SRUHGLWHY
ݔ௜SRREPRþMX>/@MHHNYLGLVWDQWQDVHYHGDSDVHJOHGHQDGLQDPLNRWLSLþQR]DMHWHJDSRJUHãND
ODKNRRGORþLPR WXGL ]D GUXJDþQH ILNVQHGHOLWYH9 WDNãQHPSULPHUXYHNWRU׋ YSURJUDPVNL
RSUHPLGDMDOQLNDQDVWRSDNRWNRQVWDQWDVþLPHUVHWDGRGDWQRSRHQRVWDYL



 (NVSHULPHQWDOQDYHULILNDFLMDPRGHOD
2SLVDQLNRPSHQ]DFLMVNLDOJRULWHPQDRVQRYLPRGHOD]DRVWDMDMRþLKGRPHQMHELO
SUHL]NXãHQ QD VNXSLQL WHVWQLK Y]RUFHY 3RVNXãDOL VPR ]DMHWL þLP EROM UD]QROLNR
PQRåLFRPHUMHQFHYGDELSUHYHULOLþLPãLUãHSRGURþMHSRWHQFLDOQHXSRUDEH9WHVWQR
VNXSLQRVPRWDNR]DMHOL$05WLSDODþLPYHþUD]OLþQLKWLSRYLQSURL]YDMDOFHYGHORYDQMH
SD VPR SUHYHULOL WXGL QD QHNDM 705 Y]RUFLK 9VH PHULWYH VR SRWHNDOH SUL VREQL
WHPSHUDWXUL



 3ULSUDYDY]RUFHY
9]RUFHMHELORVSUYDSRWUHEQRSUHL]NXVLWLQDWDNQDþLQGDþLPEROML]NOMXþLPR
YSOLYSRGSRUQHHOHNWURQLNHLQREGHODYHVLJQDORYNLQLGHOVDPHJDWLSDODWLWHVWLUDQMH
QD QLYRMX HQRWH DQJ XQLW WHVW 7R QDMODåMH GRVHåHPR V WHVWLUDQMHP WLSDO Y REOLNL
VXURYLK þLSRY SULOHSOMHQLK LQ RåLþHQLK QD VWDQGDUGQR WHVWQR WLVNDQLQR QD NDWHUL QL
QREHQHGRGDWQHREGHODYHVLJQDORYQLILOWULUDQMDRMDþHYDQMDLSG=DMDPHPRVXURYH
SRGDWNH LQ QDGDOMQMR REGHODYR L]YUãLPR ] RVHEQLP UDþXQDOQLNRP ,QWHJUDFLMR
VHQ]RUVNLK þLSRY QD WHVWQL 3&% SULND]XMH VOLND  3RYH]RYDOQH åLFH RPRJRþDMR
QDSDMDQMHYH]MDLQEUDQMHVLJQDORYVLQXVDLQNRVLQXVDYGLIHUHQFLDOQLREOLNL
9GUXJHPNRUDNXSDMHELORSRWUHEQRSUHYHULWLãHFHORVWQRGHORYDQMHGDMDOQLND]
YVHPLVWDQGDUGQLPLIXQNFLMDPLLQGRGDQLPDOJRULWPRP0='WLLQWHJUDFLMVNLWHVW
9WDQDPHQSDVRELOLL]YHGHQLWHVWLQD]DNOMXþHQLKHQNRGHUVNLKVHVWDYLKNMHUSRGDWNH
REGHODPLNURNUPLOQLN,]YHGEDWHVWDYWHPNRUDNXMHRSLVDQDYSRJODYMX
 (NVSHULPHQWDOQDYHULILNDFLMDPRGHOD

8SRUDEOMHQLK MH ELOR VHGHP UD]OLþQLK WLSRY $05 WLSDO L]GHODQLK SUL GYHK
SURL]YDMDOFLK9VDNDUD]OLþLFDWHKQRORãNHJDSRVWRSNDQDPUHþODKNRSULQHVHQHNROLNR
GUXJDþQHODVWQRVWLWXGLKLVWHUH]QH=ELUNRWHVWQLKY]RUFHYSULND]XMHVOLND

6OLND9]RUFH$05WLSDOQDVLOLFLMHYLKLQWHJULUDQLKYH]MLKEUH]RKLãMDMHELORSRWUHEQR
SULWUGLWLLQRåLþLWLQDWHVWQRWLVNDQRYH]MH
0HULOQDRSUHPD 

 0HULOQDRSUHPD
7HVWDOJRULWPDL]YDMDPRVSRPRþMRUD]YRMQHJDLQVWUXPHQWDULMD]DSUHL]NXãDQMH
GDMDOQLNRYNLRPRJRþDKNUDWQRSUHPLNDQMHþLWDOQHJODYHLQUHIHUHQþQHJDGDMDOQLNDQDG
SULWUMHQLP PDJQHWQLP WUDNRP LQ XVWUH]QR UHIHUHQþQR VNDOR 6LVWHP MH ILNVLUDQ QD
PDVLYQL SRGORåQL SORãþL NL SUHSUHþXMH ãLUMHQMH WUHVOMDMHY L] RNROLFH 8SRUDEOMHQD
RSUHPDMHQDYHGHQDY7DEHOD

7DEHOD7DEHODXSRUDEOMHQLKQDSUDY

,PHQDSUDYH 1DPHQ)XQNFLMD 1DþLQNRPXQLNDFLMH
0L]LFD]DOLQHDUQLSRPLN]
PRWRUMHP$OOHJURLQUHIHUHQþQLP
HQNRGHUMHP
/LQHDUQLSRPLNþLWDOQH
JODYHJOHGHQDWUDN
KNUDWQLSRPLN
UHIHUHQþQHJDGDMDOQLND
5RþQRQDVWDYOMDQMH
EUDOQHYLãLQH86%
NRQWURODPRWRUMD
5HIHUHQþQLHQNRGHU5HQLVKDZ
5*+;)$]UHVROXFLMR
ȝPLQODVWQRKLVWHUH]R
PDQMãRRGHQRWHUHVROXFLMH
0HUMHQMHWRþQHJD
SRORåDMDEUH]KLVWHUH]H
L]UDþXQSRJUHãND
L]KRGDGDMDOQLND
0DWODESUHNR'$4

6OLND0HUMHQLY]RUFL±UD]OLþQD$05WLSDODWHUãWLUMHHQNRGHUVNLVHVWDYL]$05R]
705WLSDOL
 (NVSHULPHQWDOQDYHULILNDFLMDPRGHOD

1,'$4
%UDQMHVLJQDORY]
PHUMHQFDWHUEUDQMH
UHIHUHQþQHJDGDMDOQLND
0DWODE
1DSDMDOQLNQDPL]QL+DPHJ
+0368 1DSDMDQMH$05WLSDOD 5RþQRXSUDYOMDQMH
2VHEQLUDþXQDOQLN
2EGHODYDLQ
YL]XDOL]DFLMD]DMHWLK
SRGDWNRY
0DWODE

=DQDG]RUQDGPHGVHERMQRJHRPHWULMVNR OHJRPHUMHQFDPDJQHWQHJD WUDNX LQ
UHIHUHQþQHJDPHULOQLNDSRORåDMDVPRXSRUDELOLPL]LFR]YLMDNRP]DOLQHDUQLSRPLN
NRWSULND]XMHVOLND

 3RWHNWHVWRY
2ESUHPLNDQMXOLQHDUQHPL]LFH]DMHPDPRSRGDWNH]$05WLSDOD.RWUD]ORåHQR
Y SRJODYMX  WLSDOR Y NRQILJXUDFLML GYRMQHJD :KHDWVWRQRYHJD PRVWLþND QDG
PDJQHWQLPWUDNRP]GYRPLOLPHWUVNRSHULRGRYUQHGYDL]KRGQDVLJQDODYGLIHUHQFLDOQL
REOLNL±VLQXVLQNRVLQXV3RYHåHPRMXQDXVWUH]QDDQDORJQDYKRGQDNDQDOD$,[DQJ

6OLND3RVWDYLWHYPHULOQHJDPHVWD]DWHVWLUDQMH0='QD$05WLSDOLK]DMHPVXURYLK
SRGDWNRYMHL]YHGHQVSRPRþMR'$4NDUWLFH


3RWHNWHVWRY 

DQDORJ LQSXWQDNDUWLFL ]D]DMHPSRGDWNRY'$4DQJGDWDDFTXLVLWLRQFDUGNRW
SULND]XMHYH]DOQDVKHPDVOLND'LJLWDOQLYKRG]PRåQRVWMRNYDGUDWXUQHJDãWHWMD
WLNRPXQLNDFLMVNLSURWRNRO$%=XSRUDELPR]DVSUHPOMDQMHUHIHUHQþQHJDGDMDOQLND



=DMHWHSRGDWNHVKUDQLPRLQXYR]LPRYSURJUDPVNRRNROMH0DWODE1DGSDURP
VLQXV LQ NRVLQXV L]YHGHPR RVQRYQR NDOLEUDFLMR DPSOLWXG ID]H LQ HQRVPHUQLK
RGVWRSDQMGDL]QLþLPRYSOLYQHWRþQHPRQWDåHLQPRUHELWQLKQHVLPHWULMYVDPHPWLSDOX
1DWRL]VLQXVDLQNRVLQXVDSRHQDþELL]UDþXQDPRL]KRGQHNRWH]EUDQHYYHNWRUMX
࢞ෝNLVRYSDGDVSRORåDMHP]QRWUDMPDJQHWQHJDSROD3UHYRåHQLKQDPUHþSRPHQL
SUHPLN]DHQRHOHNWULþQRSHULRGRWRUHMHQGYRPLOLPHWUVNLPDJQHWQLSRO
9 SURJUDPVNHP RNROMX 0DWODE SULSUDYLPR IXQNFLMR NL ER ]DMHWR VHNYHQFR
PHULWHY]$05WLSDODNRULJLUDOD]XSRUDERDOJRULWPD0='9KRGQLSRGDWHNIXQNFLMH
MHYHNWRU࢞ෝL]KRGSDYHNWRUYVDNRNUDWQHJDSRSUDYNDࢋොJOHMVKHPRQDVOLNL=D
WHVWQHSRWUHEHVPRYVDNRNUDWXSRUDELOL0='VSHWLPLGRPHQDPL1 
6SUYDMHSRWUHEQRNDOLEULUDWLSDUDPHWUHPRGHOD,]YHGHPRNDOLEUDFLMVNRUXWLQR
NRW MH RSLVDQD Y SRJODYMX 8SRãWHYDPR L]EUDQR ãWHYLOR GRPHQ3ULPHU L]YHGEH
NDOLEUDFLMHSULND]XMH VOLND6WDQMHGRPHQ LQLFLDOL]LUDPR WDNRGDSUHGSRVWDYLPR
LQWULQ]LþQRUD]PDJQHWHQRVWPDWHULDOD
6OLND9H]DOQDVKHPD]DPHULWHY$05WLSDODVSRPRþMR'$4NDUWLFH

 (NVSHULPHQWDOQDYHULILNDFLMDPRGHOD


7DNR SULSUDYOMHQL PRGHO VHGDM XSRUDELPR ]D VLPXODFLMR KLVWHUH]H JOHGH QD
SRGDWNH]DMHWHPHGJLEDQMHP WLSDOD ,]YHGHPRQHNDMSUHPLNRYNLYNOMXþXMHMR WXGL
YVDMHQRVSUHPHPERVPHULLQVSUHPOMDPRUH]XOWDWVLPXODFLMHLQL]KRGGDMDOQLND.HU
MH KLVWHUH]QL XþLQHNJOHGH QD UD]SRQ FHORWQHJD RSD]RYDQHJD REPRþMD ]HORPDMKHQ
RGãWHMHPRUHIHUHQþQLSRORåDMRGL]UDþXQDQHJDLQRSD]XMHPROHUD]OLNRWRUHMSRJUHãHN
PHULWYHSUHGLQSRXSRUDELNRPSHQ]DFLMVNHJDDOJRULWPD6WHPSRYHþDPRSUHJOHGQRVW
LQRPRJRþLPRYL]XDOL]DFLMRKLVWHUH]QLKSRMDYRY3ULPHUWDNãQHPHULWYHMHQDVOLNL
NMHUPRGUDNULYXOMDSULND]XMHSRJUHãHNGDMDOQLNDEUH]UGHþDSD]XSRUDER0='3UHG
XSRUDERMHMDVQRYLGHQUD]NRUDNPHGSRJUHãNRPDPHULWYHSULJLEDQMXYHQRR]LURPD
Y GUXJR VPHU7D UD]OLND VH ELVWYHQR ]PDQMãD SR WHP NR VPRQD SRGDWNLK L]YHGOL
NRPSHQ]DFLMR 3UHRVWDQHN SRJUHãND MH YHþLQRPD SRVOHGLFD QHWRþQH PDJQHWL]DFLMH
WUDNX

6OLND3RGDWNL]DMHWLPHGNDOLEUDFLMVNRUXWLQRSRJUHãHNGDMDOQLNDPHGJLEDQMHP
QDY]GROREUDWRPLQQDWRJLEDQMHPQDY]JRU,GHQWLILFLUDQHVRNOMXþQHWRþNH2EPRþMHPHG
WRþNDPDWLQWMHUD]GHOMHQRQDSHWOLQHDUQLKRGVHNRY
3RWHNWHVWRY 

 ,PSOHPHQWDFLMDDOJRULWPD0='YYJUDGQLVLVWHP]PLNURNUPLOQLNRP
.RWUHþHQRMHWHVWLUDQMHDOJRULWPD0='SRWHNDORYGYHKVWRSQMDKLQWHJUDFLMH9
SUYL ID]L VPR VLJQDOH V WLSDOD ]DMHPDOL V NDUWLFR ]D ]DMHP VLJQDORY GHNRGLUDQMH LQ
REGHODYDSDMHELODL]YHGHQDQDRVHEQHPUDþXQDOQLNXYSURJUDPVNHPRNROMX0DWODE
7DNãHQ QDþLQ RPRJRþD HQRVWDYQR VKUDQMHYDQMH SULND] LQ VWDWLVWLþQR SULPHUMDYR
PHULWHY 9 GUXJHP NRUDNX SD MH ELO FHORWHQ SRVWRSHN L]YHGHQ Y REOLNL YJUDGQHJD
VLVWHPD]PLNURNUPLOQLNRPSULþHPHUVPRODKNRRSD]RYDOLþDVRYQLXþLQHNXSRUDEH
0='WHUPRUHELWQHYSOLYHUDþXQDQMD]HQRVWDYQHMãLPLãWHYLOVNLPLWLSL

6OLND3RJUHãHNPHULWYHGDMDOQLNDSUHGLQSRXSRUDELNRPSHQ]DFLMVNHJDSRVWRSND

 (NVSHULPHQWDOQDYHULILNDFLMDPRGHOD

7HVWQL VHVWDY SULND]XMH VOLND  'D EL ODKNR GHORYDQMH SUHL]NXVLOL QD þLP
YHþMHPãWHYLOXY]RUFHYVPRWLVNDQLQRL]GHODOLSRSULQFLSXPRGXODUQRVWL0HQMDWLMH
PRJRþH UD]OLþQH WHVWLUDQFH SUDY WDNR SD WXGL GHO YH]MD ]D QDSDMDQMH LQ RMDþLWHY
VLJQDORY
0DJQHWRXSRURYQR WLSDOR SRYHåHPR Y YJUDGQL VLVWHP NL L]YDMD UHJXOLUDQMH
QDSDMDOQH QDSHWRVWL RMDþLWHY VLJQDORY DQDORJQRGLJLWDOQR SUHWYRUER REGHODYR
VLJQDORYWHUNRPXQLNDFLMR]DSUHQRVSRGDWNRYQDRVHEQLUDþXQDOQLN3RGWLSDORPVH
QDKDMDPDJQHWQLWUDN1DVHVWDYXMHWXGLRSWLþQLUHIHUHQþQLGDMDOQLN]DNDOLEUDFLMRLQ
YHULILNDFLMR
ýDVRYQR ]DNDVQLWHY NL MR SRY]URþD DOJRULWHP GRORþDPR SUHNR ãWHYLOD
SUHWHþHQLKFLNORYNUPLOQLND7HVSUHPOMDPRSUHNRSURJUDPVNHJDãWHYFDNRWSULND]XMH
VOLND

6OLND3RVWDYLWHYPHULOQHJDPHVWD]DWHVWLUDQMH0='QD$05WLSDOLKREGHODYDSRGDWNRY
SRWHNDYPLNURNUPLOQLNX
0HUMHQMHLQYUHGQRWHQMHKLVWHUH]HGDMDOQLND 

2E XSRãWHYDQMX 0+] VLVWHPVNH XUH L]UDþXQDPR GD VH MH GHORYQL FLNHO
GDMDOQLNDREXSRUDEL0='VSHWLPLGRPHQDPLSRGDOMãD]DSULEOLåQR௘ȝV
 0HUMHQMHLQYUHGQRWHQMHKLVWHUH]HGDMDOQLND
'D EL ODKNR RFHQLOL XþLQNRYLWRVW L]EUDQHJD PRGHOD MH ELOR SRWUHEQR QDMSUHM
GHILQLUDWL NULWHULMVNR IXQNFLMR ]D NYDQWLWDWLYQR YUHGQRWHQMH KLVWHUH]QHJD XþLQND QD
GHORYDQMHGDMDOQLND3URL]YDMDOFLPDJQHWQLKGDMDOQLNRYRELþDMQRQDYDMDMRKLVWHUH]RNRW
UD]OLNRPHGL]PHUMHQRYUHGQRVWMRYLVWLWRþNLYSULPHUXGDVHWRþNLSULEOLåDPR]HQH

6OLND8SRUDEDUD]KURãþHYDOQLND]DþDVRYQRDQDOL]R
 (NVSHULPHQWDOQDYHULILNDFLMDPRGHOD

DOLGUXJHVWUDQL3ULWHPSDQLMDVQRQDYHGHQRDOLMHSRWUHEQRPHULWHYL]YHVWLYHQLWRþNL
DOLPRUGDSRFHORWQHPREPRþMXNROLNãQDQDMERDPSOLWXGDSUHPLNRYLQSRGREQR
0HULOQRPHWRGR]DXJRWRYLWHYWHJDSRGDWNDMHSRWUHEQRQDþUWRYDWLWDNRGDRVWDOL
GHMDYQLNLNRWVRãXPQHSUDYLOQRVWLPDJQHWHQMDLQWL6'(DQJ6XE'LYLVLRQDO(UURU
±SRJUHãHNPHULWYHNLVHSHULRGLþQRSRQDYOMD]DUDGLSURFHVQLKQHSUDYLOQRVWLþLPPDQM
YSOLYDMR QD PHULOQL UH]XOWDW 9 WD QDPHQ MH ELOD GHILQLUDQD WHVWQD UXWLQD ]D ]DMHP
SRGDWNRYLQPDWHPDWLþQLSRVWRSHNL]UDþXQDNRQþQHYUHGQRVWL
,]YHGHPR SRPLN SUHNR FHORWQHJD REPRþMD GHORYDQMD YVDM GYH PDJQHWQL
SHULRGLYHQRLQGUXJRVPHUSUL WHPSDY]RUþLPRSRGDWNHV WLSDODLQ UHIHUHQþQHJD
RSWLþQHJDGDMDOQLND6LJQDOHVVHQ]RUMDSRSRWUHELãHREGHODPRLQGHNRGLUDPRNRWMH
RSLVDQRYSRJODYMLKLQGDGRELPRSRORåDMQDGWUDNRP
3RVQHWHSRGDWNHQDWRPDWHPDWLþQRREGHODPRýHVPR]DMHOLVXURYHSRGDWNH]
$05WLSDODQDNQDGQRL]YHGHPRãHNDOLEUDFLMRLQL]UDþXQIXQNFLMHDUNXVWDQJHQVGD
GRELPRL]KRGQLSRORåDM3RSRWUHELREGHODPRWXGLSRGDWNH]UHIHUHQþQHJDGDMDOQLND
GDGRELPRYUHGQRVWL YXVWUH]QLKGROåLQVNLK HQRWDK9QDGDOMHYDQMX VR ]D L]UDåDQMD
SRORåDMD XSRUDEOMHQH HQRWH NRWQH VWRSLQMH ]QRWUDM HOHNWULþQH SHULRGH WRUHM  QD
PDJQHWQLSRO]GROåLQRPP3RSRWUHELSDVHODKNRXSRUDELWXGLGUXJHXVWUH]QHHQRWH
SRJRVWR VH QD SULPHU SUL PDJQHWQLK GDMDOQLNLK OLQHDUQHJD SRPLND XSRUDEOMD WXGL
GROåLQVNDHQRWDP
'RELPR GLJLWDOQD YHNWRUMD ࢞࢏௭௠௘௥௝௘௡௜ሺ࢞௥௘௙ሻ GROåLQH1 =DQLPDMR QDV UD]OLNH
PHULWHY࢞࢏ࢠ࢓ࢋ࢘࢐ࢋ࢔࢏SULLVWLYUHGQRVWL࢞࢘ࢋࢌYHQGDUWR]DUDGLQHGRORþHQLKPHVWY]RUþHQMD
SRJRVWRQLWULYLDOHQL]UDþXQ
*OHGHQDQDNORQUHIHUHQþQHJDVLJQDODLGHQWLILFLUDPRREPRþMDJLEDQMDYHQRLQ
GUXJRVPHU
࢏ீைோ ൌ ሼ݅Ǣ ݅ א ͳǡǥܰٿݔ௥௘௙ሾ݅ ൅ ͳሿ െ ݔ௥௘௙ሾ݅ሿ ൐ Ͳሽ
࢏஽ை௅ ൌ ሼ݅Ǣ ݅ א ͳǡǥܰٿݔ௥௘௙ሾ݅ ൅ ͳሿ െ ݔ௥௘௙ሾ݅ሿ ൏ Ͳሽǡ

WRUHM VWD ࢏ீைோ LQ ࢏஽ை௅YHNWRUMD LQGHNVRY WLVWLK YUHGQRVWL Y YHNWRUMX࢞௥௘௙ NMHU
SRORåDMEUDOQHJODYHY]GROåRVL[QDUDãþDR]LURPDSDGD
ýH]EHUHPROHWLVWHHOHPHQWHYHNWRUMD࢞௜௭௠௘௥௝௘௡௜SULNDWHULKMHL]SROQMHQ]JRUQML
SRJRMGRELPRXVWUH]QLSRGPQRåLFL]DMHWLKPHULWHYR]LURPD
࢞ீைோ ൌ ࢞௜௭௠௘௥௝௘௡௜ሾ࢏ீைோሿ
࢞஽ை௅ ൌ ࢞௜௭௠௘௥௝௘௡௜ሾ࢏஽ை௅ሿǤ

=DUDGLPRQRWRQRVWLJLEDQMDVHVPHUVSUHPHQLOHHQNUDWREREUDWX]DWRYHOMD
ሺ׊݅ீைோ ൐  ݅஽ை௅ሻ ש ሺ׊݅ீைோ ൏  ݅஽ை௅ሻǤ 
0HUMHQMHLQYUHGQRWHQMHKLVWHUH]HGDMDOQLND 

=DWHPMHSRWUHEQRSRLVNDWLREPRþMHQDNDWHUHPLPDPR]DMHWHPHULWYHYREH
VPHUL
࢏௢௕௠௢«௝௘ ൌ ሼ݅Ǣ ݅ א ͳǥܰ
ٿ׊݅׌ݔ௥௘௙ሺ݅ீைோሻ ൐ ݔ௥௘௙ሺ݅ሻ
ٿ׊݅׌ݔ௥௘௙ሺ݅ீைோሻ ൏ ݔ௥௘௙ሺ݅ሻ
ٿ׊݅׌ݔ௥௘௙ሺ݅஽ை௅ሻ ൐ ݔ௥௘௙ሺ݅ሻ
ٿ׊݅׌ݔ௥௘௙ሺ݅஽ை௅ሻ ൏ ݔ௥௘௙ሺ݅ሻሽǤ

3RQRYQRQDMGHPRXVWUH]QHPHULWYHYHQRLQGUXJRVPHU
࢏ீைோǡ௢௕௠௢«௝௘ ൌ ൛݅Ǣ ݅ א ݅ீைோٿ݅ א ݅௢௕௠௢«௝௘ൟ
࢏஽ை௅ǡ௢௕௠௢«௝௘ ൌ ሼ݅Ǣ ݅ א ݅஽ை௅ٿ݅ א ݅௢௕௠௢«௝௘ሽ

1DWHPPHVWXVHODKNRRGORþLPR]DXSRUDERNDWHUHJDRGQHNDY]DOQLKILOWURYQD
SULPHUGUVHþHJDSRYSUHþHQMD/RþHQRILOWULUDPRQDUDãþDMRþLLQSDGDMRþLVLJQDO
1D HNVWUDKLUDQHP REPRþMX GRORþLPR WRþNH ]D LQWHUSRODFLMR L]KRGD WLSDOD SUL
JLEDQMXYHQRR]LURPDGUXJRVPHU2EPRþMHUD]GHOLPRQD0RGVHNRY
࢞௜௡௧௘௥௣ ൌ ቊ݆ כ
൫ݔ௢௕௠௢«௝௘൯ െ ൫ݔ௢௕௠௢«௝௘൯
ܯ ൅ ͳ
Ǣ ݆ ൌ Ͳǡͳǡʹǡ ǥܯቋǤ 
6SRPRþMRLQWHUSRODFLMHSRLãþHPRPHULWYHQDWHKL]EUDQLKPHVWLK
࢞ீைோǡ௜௡௧௘௥௣ ൌ ൫࢞ீைோǡ௢௕௠௢«௝௘#࢞௜௡௧௘௥௣൯
࢞஽ை௅ǡ௜௡௧௘௥௣ ൌ ൫࢞஽ை௅ǡ௢௕௠௢«௝௘̷࢞௜௡௧௘௥௣൯Ǥ

3ULGRELOL VPR YHNWRUMD࢞ீைோǡ௜௡௧௘௥௣LQ࢞஽ை௅ǡ௜௡௧௘௥௣ NL VWD HQDNH GROåLQH LQ ]DMHWD RE
HQDNHP UHIHUHQþQHP VLJQDOX = RGãWHYDQMHP WDNR HQRVWDYQR GRELPR UD]OLNR PHG
PHULWYLMRYHQRLQGUXJRVPHUWRUHMYUHGQRVWMRKLVWHUH]HSULGRORþHQHPSRORåDMX
ࢎሺ࢞௜௡௧௘௥௣ሻ ൌ ࢞஽ை௅ǡ௜௡௧௘௥௣ െ࢞ீைோǡ௜௡௧௘௥௣ 
3RWHNL]UDþXQDSRHQRVWDYOMHQRSULND]XMHSVHYGRNRGDQDVOLNL

 (NVSHULPHQWDOQDYHULILNDFLMDPRGHOD


 .ULWHULMVNDIXQNFLMD]DYUHGQRWHQMHYSOLYDKLVWHUH]H30+
9VSORãQHPYUHGQRVWLYYHNWRUMXࢎሺ࢞௜௡௧௘௥௣ሻNLVPRJDSULGRELOLSRHQDþEL
QLVR NRQVWDQWQH WHPYHþ ODKNR L]ND]XMHMR SURVWRUVNR RGYLVQRVW ãXP SRSDþHQMD Y
RNROLFLPHQMDYH VPHUL QLKDQMH ]QRWUDMPDJQHWQHSHULRGH LQSRGREQR ,] SUDNWLþQLK
UD]ORJRY åHOLPR L] QMLK L]OXãþLWL HQ VDP SDUDPHWHU NL QDP ER SRPDJDO PHULWYH
NYDQWLWDWLYQR SULPHUMDWL .RW UHþHQR YHþLQD SURL]YDMDOFHY PHULOQH WHKQLNH QDYDMD
KLVWHUH]R NRW UD]OLNRPHG YUHGQRVWMR L]PHUMHQR QD LVWHPPHVWX RE JLEDQMX L] HQH
R]LURPD GUXJH VPHUL .HUPRUD ELWL VSHFLILNDFLMDP RE SUDYLOQL UDEL L]GHOND YHGQR
]DGRãþHQRVHQDYDMDQDMYHþMDL]PHUMHQDYUHGQRVWWHUD]OLNHWRUHMሼࢎ൫࢞௜௡௧௘௥௣൯ሽ9
EROMNULWLþQLKVLWXDFLMDKNWHPXGRGDMRãHGRORþHQYDUQRVWQLIDNWRU
3R GUXJL VWUDQL SD LPD Y SULþXMRþHP GRNWRUVNHP GHOX YUHGQRWHQMH KLVWHUH]H
SRYVHPGUXJDþHQQDPHQäHOLPRGDERL]EUDQLND]DOQLNL]UDåDONDUQDMYHþLQIRUPDFLMH
RGHMDQVNHPVWDQMX ,]EUDWLJDPRUDPR WRUHM WDNRGDERGRQDQMYþLPPDQMãLPHUL
YSOLYDOHQDSDNHPHULWYHãXPãWHYLOR LQJRVWRWDY]RUFHYWHUYSOLYVSUHPHPEVPHUL
*OHGH QD RSDåHQH ODVWQRVWL REUDYQDYDQLK $05 WLSDO ]EUDQH Y SRJODYMX  ]D
NULWHULMVNR IXQNFLMR L]EHUHPR PHGLDQR UD]OLNH LQ MR L]UDþXQDPR SR HQDþEL 
.D]DOQLNSRPHQL3RJUHãHN0HULWYH ]DUDGL+LVWHUH]H ]DWRJD VNUDMãDQR LPHQXMHPR
30+
௞݂௥௜௧௘௥௜௝௦௞௔ ൌ ൛ࢎ൫࢞௜௡௧௘௥௣൯ൟ ൌ  
3ULPHU YUHGQRWHQMD KLVWHUH]H SULND]XMH VOLND  =DUDGL SUHJOHGQRVWL QL
SULND]DQ L]PHUMHQL SRORåDM WLSDOD WHPYHþ OH UD]OLND PHG L]PHUMHQR LQ SUDYR
1. Premik gor-dol in zajem podatkov 
2. Filtriranje, kalibriranje podatkov 
3. Dekodiranje pozicije in pogreška iz podatkov 
4. Identifikacija območij gibanja gor/dol 
5. Odstranitev območij z nepopolnimi podatki (samo v 
eno smer, območja prehodnega pojava ob obratu) 
6. Priprava vektorja, ki ekvidistančno pokriva veljavno 
območje zajetih signalov  
7. Interpolacija 
8. Vektor razlik h 
9. Mediana razlik 
6OLND3VHYGRNRGQLGLDJUDPYUHGQRWHQMDKLVWHUH]H
0HUMHQMHLQYUHGQRWHQMHKLVWHUH]HGDMDOQLND 

UHIHUHQþQRYUHGQRVWMR7DNRMHMDVQRUD]YLGQDUD]OLNDNLQDVWDQHSULJLEDQMXYHQRDOL
GUXJRVPHU0RGUDNULYXOMDSULND]XMHVXURYSRJUHãHNPHULWYH1DWRVPRLGHQWLILFLUDOL
REPRþMD QDUDãþDQMD LQ SDGDQMD NL VR SRNULWD V SRGDWNL XVWUH]QR XUHGLOL VLJQDOH LQ
VNODGQR]]JRUDMRSLVDQLPSRVWRSNRPSULGRELOLYHNWRUࢎ൫࢞௜௡௧௘௥௣൯NLMHQDVOLNLURåQDWR
VHQþHQýUWNDQDþUWDR]QDþXMHL]UDþXQDQRYUHGQRVWND]DOQLND10(,]REOLNHJUDIDMH
UD]YLGQR]DNDMMHPHGLDQDVPLVHOQDL]ELUD]DL]UDþXQ


6OLND3ULPHUSRVWRSNDYUHGQRWHQMDKLVWHUH]HLQL]UDþXQD30+


 5H]XOWDWL
8VSHãQRVWNRPSHQ]DFLMHMHELODRYUHGQRWHQDWDNRGDVPRSULPHUMDOLSRJUHãHN
PHULWYHNL MRSRY]URþL KLVWHUH]DSUHG LQSRNRPSHQ]DFLML5H]XOWDWL SULPHUMDYH ]D
$05WLSDODVRSULND]DQLQDVSRGQMHPJUDIXVOLNDâWHYLOVNLUH]XOWDWLPHULWYHVR
SRGDQLY'RGDWNX$
0HULWYH ] GHVHWLPL UD]OLþQLPL WLSL $05 WLSDO VR Y SRYSUHþMX SRND]DOH
]PDQMãDQMHYSOLYDKLVWHUH]HQDSUYRWQHYUHGQRVWL
 7HVWPHWRGH0='QDGDMDOQLNLKVWHKQRORJLMR705
ýHSUDYMHELODOJRULWHP0='YRVQRYLUD]YLW]DXSRUDERQD$05WLSDOLKQDVMH
]DQLPDODWXGLPRåQRVWXSRUDEHQDRVWDOLKWLSDOLKL]GUXåLQHPDJQHWRXSRURY7LSDODQD
705 LQ *05 SULQFLS QDPUHþ SRþDVL QDGRPHãþDMR $05 Y PQRJLK PHULOQLK
DSOLNDFLMDK ]DUDGL QHNDWHULK SUHGQRVWL NRW VR PDMKQD WRNRYQD SRUDED LQ YLVRND

6OLND8þLQNRYLWRVWDOJRULWPD0='QDWHVWLUDQLKGDMDOQLNLK]$05WLSDOL
\ [
5ð 








      
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 5H]XOWDWL

REþXWOMLYRVW.OMXESRYVHPGUXJHPIL]LNDOQHPSULQFLSXGHORYDQMD MHQDþLQXSRUDEH
05WLSDOSUDNWLþQRHQDNSUDYWDNRSDRVWDMDMRWXGLSUREOHPLVKLVWHUH]R
$OJRULWHP0=' VPR SUHL]NXVLOL QD ãHVWLK UD]OLþQLK 705 WLSDOLK 8VSHãQRVW
NRPSHQ]DFLMHSULND]XMHVOLNDâWHYLOVNLUH]XOWDWLPHULWYHVRSRGDQLY'RGDWNX%
9SRYSUHþMXVHMHYSOLYKLVWHUH]H]PDQMãDO]D.RPSHQ]DFLMDMHQHNROLNR
PDQM XVSHãQD NRW SUL$05 WLSDOLK NMHU VPR RSDåDOL  L]EROMãDQMH 705 WLSDOD
QDPUHþQHNROLNRVODEãHXVWUH]DMRSRJRMHP]D0='RSLVDQLKYSRJODYMX
 9SOLYNRPSHQ]DFLMVNHJDDOJRULWPDQDGROåLQRGHORYQHJDFLNOD
GDMDOQLND
.RPSHQ]DFLMVNL DOJRULWHP 0=' V SHWLPL GRPHQDPL VPR LPSOHPHQWLUDOL Y
VWURMQR NRGR GDMDOQLND ]$05 WLSDORP LQPLNURNUPLOQLNRP670) NRW VPR
RSLVDOLYSRJODYMX
'HORYQLFLNHOGDMDOQLNDVHMHV WHPSRGDOMãDO]D௘VNDU]QDãDSULEOLåQR
QRUPDOQHJDþDVDGRRVYHåLWYHSRGDWND=DYLVRNRWRþQHDSOLNDFLMHNMHUMHSRQRYOMLYRVW
SRPHPEQHMãDRGKLWURVWLMHWRUHMDOJRULWHPþDVRYQRVSUHMHPOMLY3UDYWDNRMHPRJRþH
þDV L]UDþXQD ãH GRGDWQR VNUDMãDWL ] ]PDQMãDQMHP ãWHYLOD GRPHQ WHU ] XVWUH]QR
RSWLPL]DFLMRNRGH


6OLND8þLQNRYLWRVWDOJRULWPD0='QDGDMDOQLNLKV705WLSDOL
\ [
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 5D]SUDYDLQQDGDOMQMHGHOR
ýHSUDYMHDOJRULWHP0='SULPDUQRQDPHQMHQXSRUDELYGDMDOQLNLK]$05WLSDOL
SRGREQRVWLPHGUD]OLþQLPLWLSLPDJQHWRXSRURYQLKSRMDYRYQDND]XMHMRGDELJDELOR
PRJRþHXSRUDELWLWXGLQDRVWDOLKWLSLK05VHQ]RUMHY=DSRWUGLWHYWHKLSRWH]HMHåHELOR
L]YHGHQLK QHNDM WHVWRY QD PHULOQLK VLVWHPLK V 705 WLSDOL NL VR GDOL Y]SRGEXGQH
UH]XOWDWH9VHHQRSDMHSRWUHEQRVNUEQRSUHYHULWLXVWUH]QRVWXSRUDEH0=']DYVDNQRY
WLSGDMDOQLNDSUHGHQVHRGORþLPR]DLPSOHPHQWDFLMR
6LVWHP]YJUDMHQLP0='MHQHJOHGHQDWRDOLMHXSRUDEOMHQLGDMDOQLNYRVQRYL
DEVROXWHQDOLNDåHOHUHODWLYQHSRPLNHYQDMEROMãHPSULPHUXWLNYD]LDEVROXWHQ6WDQMH
PDWHULDODREYNORSXQDPUHþQL]QDQRGRNOHUGDMDOQLNQHRSUDYL]DGRVWQHJDSUHPLND
GD VR RULHQWDFLMH YVHK GRPHQ V WHP SUHPLNRP WXGL GHWHUPLQLUDQH 7R MH SRWUHEQR
XSRãWHYDWLSULQDþUWRYDQMXGHORYDQMDVLVWHPD
9SULPHUXGDåHOLPRGD]DþHWQRVWDQMHPRGHODSRVQHPDUD]PDJQHWHQPDWHULDO
LQLFLDOL]LUDPRVWDQMHGRPHQWDNRGDMHVPHUYVDNHGRPHQHL]EUDQDQDNOMXþQR
0='QHSUHGYLGHYDYSOLYDWHPSHUDWXUHQDKLVWHUH]QLHIHNW9VSORãQHPMHWXGL
KLVWHUH]DODKNRRGYLVQDRGWHPSHUDWXUHVDMWDYSOLYDQDJLEDQMHPDJQHWQLKGRPHQY
PDWHULDOX9HGHWLSDPRUDPRGDDSOLNDFLMHNL]DKWHYDMRWDNRYLVRNRWRþQRVWGDVH
SRMDYL SRWUHED SR NRPSHQ]DFLML KLVWHUH]H QDYDGQR SRWHNDMR Y WHPSHUDWXUQR
QDG]RURYDQHP RNROMX 6LFHU EL QD UH]XOWDW ]HOR PRþQR YSOLYDOL åH VDPL WHUPLþQL
UD]WH]NL PDWHULDORY .OMXE WHPX ERPR Y QDGDOMQMH GHOR ]DJRWRYR YNOMXþLOL WXGL
WHPSHUDWXUQH WHVWH VLVWHPD ] YJUDMHQLP 0=' 2EVWDMD WXGL PRåQRVW QDGJUDGQMH
PRGHODYVPLVOXWHPSHUDWXUQRRGYLVQLKSDUDPHWURYPRGHOD
3UHGODJDQL0='MHSULPHUHQ]DXSRUDERYVLVWHPLKNMHUVHDPSOLWXGDPHUMHQHJD
PDJQHWQHJDSROMDSRNDOLEUDFLMLQHVSUHPLQMD7RYSUDNVL]DOLQHDUQHGDMDOQLNHSRPHQL
ILNVQREUDOQRUD]GDOMRPHGþLWDOQRJODYRLQWUDNRPWHUXQLIRUPQRQDPDJQHWHQRVWWUDNX
9SULKRGQRVWLELODKNRPRGHOQDGJUDGLOLWDNRGDELGRGDOLãHPHUMHQMHDPSOLWXGHSROMD
LQVSURWQRSULODJDMDQMHSDUDPHWURYPRGHOD
'HORYQLFLNHOGDMDOQLNDVH]DUDGLLPSOHPHQWDFLMH0='QLSRPHPEQRSRGDOMãDO
.OMXE WHPX EL ODKNR KLWURVW DOJRULWPD ãH QDGDOMQMH L]EROMãDOL ] RSWLPL]DFLMR ãWHYLOD
 5D]SUDYDLQQDGDOMQMHGHOR

GRPHQ LQ RSWLPL]DFLMR UDþXQVNHJD SRVWRSND 1DGDOMQMH L]EROMãDQMH EL SULQHVOD
DGDSWDFLMD SRVWRSND L]UDþXQD ]D FHORãWHYLOVNH ãWHYLOVNH WLSH SUL þHPHU EL VH WXGL
L]RJQLOLSRWUHELSRHQRWL]DSODYDMRþRYHMLFR


 =DNOMXþHN
9 GRNWRUVNL QDORJL VPR SRMDVQLOL QDþLQ PHUMHQMD SRPLND R]LURPD ]DVXND V
SRPRþMR WLSDO QD DQL]RWURSQLPDJQHWRXSRURYQL SULQFLS SUL þHPHU ]QDWQR RPHMLWHY
SUHGVWDYOMD KLVWHUH]QL HIHNW NL JD WDNãQD WLSDOD L]UDåDMR 3UHGVWDYLOL VPR IL]LNDOQR
RVQRYR GRJDMDQMD Y PDWHULDOX LQ Y]URNH ]D VSUHPHPER XSRUQRVWL RE YSOLYX
PDJQHWQHJDSROMD
'DELSRMDVQLOLYSOLYKLVWHUH]HQDUH]XOWDWHPHULWHYSULGREOMHQLK]GDMDOQLNRP]
RSLVDQLPLWLSDOLVPRWDQNRVHQ]RUVNRSODVWRSLVDOLVSRPRþMR6WRQHU:RKOIDUWKRYHJD
HQHUJLMVNHJDUDYQRYHVMD]DSRVDPH]QRGRPHQR0RGHOVPRUD]ãLULOLLQSRVSORãLOLQD
YHþMR VWUXNWXUR NL ]DY]HPD YHþMR SRYUãLQR Y]GROå PDJQHWQHJD WUDNX LQ MH WRUHM
L]SRVWDYOMHQD ]XQDQMHPX PDJQHWQHPX SROMX NDWHUHJD VPHU VH Y]GROå VWUXNWXUH
VSUHPLQMD5D]ãLUMHQLPRGHORPRJRþDYNOMXþHYDQMHQDNOMXþQRUD]SRUHMHQHL]UDåHQRVWL
DQL]RWURSLMHLQXVPHULWYHRVLODåMHPDJQHWL]DFLMH3RND]DOLVPRGDXVSHãQRSRXVWYDUMD
RG]LY REUDYQDYDQHJD WLSDOD 2PRJRþD QDP GD SR]QDYDQMH REQDãDQMD SRVDPH]QH
L]ROLUDQHGRPHQHNLMHQLWHåNRPDWHPDWLþQRRSLVDWLSUHQHVHPRQDãLUãRVOLNRLQWDNR
UD]XPHPRLQVPRVSRVREQLSUHGYLGHYDWLREQDãDQMHSROMXEQLKVWUXNWXUL]WDQNLKSODVWL
SHUPDORMDNDNUãQDVHVWDYOMD$05
9 QDGDOMHYDQMX QDORJH VPR SRVNXãDOL QDMWL ãH GUXJH QDþLQH ]D PRGHOLUDQMH
KLVWHUH]H$05WLSDODNLELQDPRPRJRþDOLL]JUDGQMRNRPSHQ]DFLMVNHJDDOJRULWPD]D
VLPXODFLMR LQ NRPSHQ]DFLMR SRJUHãND ]DUDGL KLVWHUH]H Y UHDOQHP þDVX ]QRWUDM
GHORYQHJD FLNOD GDMDOQLND 9 WD QDPHQ VPR UD]LVNDOL ãLUãH SRGURþMH PRGHOLUDQMD
KLVWHUH]QLK HIHNWRY LQ SUHGVWDYLOL QDMYLGQHMãH ]QDQH SULVWRSH N PDWHPDWLþQHPX
RSLVRYDQMX KLVWHUH]QHJD XþLQND 1D SRGODJL ]DKWHY NL MLK PRUD LVNDQL PRGHO
L]SROQMHYDWL ]DNOMXþLPR GD QREHGHQ RG åH ]QDQLKPRGHORY KLVWHUH]H QH RPRJRþD
SRYVHPRSWLPDOQHJDNRPSURPLVDPHGUDþXQVNR]DKWHYQRVWMRLQWRþQRVWMR
3UHGODJDOL VPR PRGHO NL SRJUHãHN L]PHUMHQH SR]LFLMH ]DUDGL KLVWHUH]H
L]UDþXQDYDVSRPRþMRED]QLK IXQNFLMSRLPHQRYDQLKGRPHQH6SRPRþMRSUHL]NXVD
VPRSRND]DOLGDMHVWHPPRGHORPPRJRþHXþLQNRYLWRVLPXOLUDWLL]KRGGDMDOQLNDRE
GDQLYKRGQLVHNYHQFLSUHPLNDQMD
 =DNOMXþHN

.HUVPRåHOHOLNYDQWLWDWLYQRYUHGQRWLWLYSOLYKLVWHUH]HWHUXVSHãQRVWPRGHODVPR
PRUDOLGRORþLWLXVWUH]QRNULWHULMVNRIXQNFLMR1DSRGODJLRSD]RYDQMWLSLþQHJDRG]LYD
VPR ]D ND]DOQLN YSOLYD KLVWHUH]H L]EUDOL PHGLDQR UD]OLNH L]PHUMHQHJD SRORåDMD SUL
JLEDQMXYHQRR]LURPDGUXJRVPHUSULþHPHUPRUDDPSOLWXGDJLEDQMDREVHJDWLQDMPDQM
HQRPDJQHWQR SHULRGR 3UHGVWDYOMHQD MH XWHPHOMLWHY L]ELUH WHU SRGUREQHMãL GLDJUDP
SRWHNDL]UDþXQD
=DWRþQRVWVLPXODFLMHVRNOMXþQHJDSRPHQDPRGHOVNLSDUDPHWULNLPRUDMRELWL
XVWUH]QRQDVWDYOMHQL9WDQDPHQVPRSUHGODJDOLNDOLEUDFLMVNLSRVWRSHNLQPDWHPDWLþQR
L]SHOMDOLPRGHOVNHSDUDPHWUHL]SDUDPHWURYNLMLKSULGRELPRWHNRPWHUXWLQH
9 QDGDOMHYDQMX VPR PRGHO NL JD SR DQDORJLML ] GRJDMDQMHP Y PDJQHWQHP
PDWHULDOX LPHQXMHPR PRGHO ]DRVWDMDMRþLK GRPHQ YNOMXþLOL Y DOJRULWHP L]UDþXQD
SRORåDMD GDMDOQLND LQ WDNR RPRJRþLOL NRPSHQ]DFLMR KLVWHUH]QH QDSDNH QD PHULWHY
&HORWQLSRVWRSHNGHNRGLUDQMDLQNRPSHQ]DFLMHVPRUHDOL]LUDOLQDYJUDGQHPVLVWHPX]
PLNURNUPLOQLNRPLQSRND]DOLGDVHþDVL]UDþXQDSRORåDMD]DUDGLGRGDQHNRPSHQ]DFLMH
SULGDQHPPLNURNUPLOQLNXSRGDOMãD]DVSUHMHPOMLYLKȝV
1D]DGQMH MH VOHGLOR HNVSHULPHQWDOQR YUHGQRWHQMH SUHGODJDQHJD DOJRULWPD
3ULPHUMDOLVPRSRJUHãHNSRORåDMD]R]LURPDEUH]NRPSHQ]DFLMHKLVWHUH]HSULGREOMHQH
V VNXSLQR UD]OLþQLK$05 WLSDO9NOMXþHQL VRELOL L]GHONL UD]OLþQLKSURL]YDMDOFHY WHU
UD]OLþQLKSRVWRSNRYL]GHODYH3RXVWUH]QLSULSUDYLY]RUFHYLQPHULOQHJDPHVWDVPR]D
YVDNRNRQILJXUDFLMRL]YHGOLNDOLEUDFLMRPRGHOVNLKSDUDPHWURYLQSULPHUMDOLSRJUHãHN
PHULWYHSUHG LQSRXSRUDELNRPSHQ]DFLMVNHJDSRVWRSND8JRWRYLOL VPRGD ODKNR V
SUHGODJDQLPDOJRULWPRPSULþDNXMHPR]PDQMãDQMHYSOLYDKLVWHUH]H]DGRSUYRWQH
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6 WHP VPR SRWUGLOL XVSHãQRVW DOJRULWPD ]D NRPSHQ]DFLMR KLVWHUH]H
PDJQHWRXSRURYQLK GDMDOQLNRY SRORåDMD NL WHPHOML QD SUHGVWDYOMHQHP PRGHOX
]DRVWDMDMRþLK GRPHQ 1DGDOMQML L]]LYL ERGR ]DJRWRYR ãH QDGJUDGQMD SRVWRSND ]D
PRUHELWQHWHPSHUDWXUQHYSOLYHDGDSWDFLMDSDUDPHWURYQDVSUHPHPEHYEUDOQLUD]GDOML
LQ WHVWLUDQMH]DQHVOMLYRVWL L]GHOND]YJUDMHQLPDOJRULWPRP0='3UDY WDNR WUHQXWQL
SUHGODJDQL SRVWRSHN ]DKWHYD NDOLEUDFLMR PRGHOVNLK SDUDPHWURY SR YJUDGQML LQ RE
XSRUDEL UHIHUHQþQHJD GDMDOQLND NDU YQDãD Y SURFHV LQWHJUDFLMH ]DKWHYQH GRGDWQH
NRUDNH2ESRWUGLWYL]DQHVOMLYRVWLLQSUHPRVWLWYLWHKRYLUSDELSRVWRSHNJRWRYRODKNR
]QDWQR GRSULQHVHO N L]EROMãDQMX YLVRNRWRþQLK GDMDOQLNRY QD SULQFLS DQL]RWURSQH
PDJQHWRXSRUQRVWL


 3ULVSHYNLN]QDQRVWL
9GRNWRUVNHPGHOXVRSUHGVWDYOMHQLQDVOHGQMLL]YLUQLSULVSHYNLN]QDQRVWL
 $QDOL]DYSOLYDKLVWHUH]QHJDHIHNWDQDQDSDNRDQL]RWURSQHJD
PDJQHWRXSRURYQHJDVHQ]RUMD]DPHUMHQMHSRPLNDR]LURPD
]DVXND
3RVOHGLFH KLVWHUH]H QD PHULOQL SRJUHãHN GDMDOQLNRY SRORåDMD NL WHPHOMLMR QD
XSRUDEL WLSDOD QD DQL]RWURSQLPDJQHWRXSRURYQL SULQFLS VR QH]DGRVWQR RSUHGHOMHQH
3RWUHEQDMHXYHGEDHQRWQHJDSRVWRSND]DYUHGQRWHQMHPHULOQHJDSRJUHãNDNLREWHP
QDVWDMD6WHPERRPRJRþHQRQHSRVUHGQRSULPHUMDQMHSRVDPH]QLKGDMDOQLNRYSDWXGL
YUHGQRWHQMH SRVWRSNRY ]D NRPSHQ]DFLMR QDSDNH NDNUãHQ MH SUHGODJDQL DOJRULWHP V
SRPRþMRPRGHOD]DRVWDMDMRþLKGRPHQ
9GHOXVPRSRND]DOLGD LPDMR$05WLSDODNDNUãQDVR WLSLþQRXSRUDEOMHQDY
LQNUHPHQWDOQLKGDMDOQLNLKSRPLNDLQ]DVXNDSRJUHãHN]DUDGLKLVWHUH]HNLREYLVRNLK
DPSOLWXGDKSUHPLNDQMD]DY]DPHNRQVWDQWQRYUHGQRVW6OHGQMDMHRGYLVQDRGJRVWRWH
PDJQHWQHJDSUHWRNDNLJDXVWYDUMDPDJQHWQLYLUQDPHVWXWLSDOD1DGDOMQMHMHSULND]DQ
WXGLWLSLþQLSRWHNSRJUHãNDYRåMHPREPRþMXVSUHPHPEHVPHUL
3UHGODJDQMHSRVWRSHNNLRPRJRþDNYDQWLWDWLYQRYUHGQRWHQMHYSOLYDKLVWHUH]HQD
WRþQRVWPHULWYHGDMDOQLND3ULWHPXVSHãQRL]ORþLPRYSOLYQHSUDYLOQRVWLPDJQHWQHJD
WUDNX ãXPD PHULWYH WHU YLãMLK KDUPRQVNLK NRPSRQHQW NL QHL]RJLEQR QDVWRSDMR Y
PHULWYLLQSULNRQYHQFLRQDOQLKQDþLQLKYUHGQRWHQMDKLVWHUH]HODKNRNYDUQRYSOLYDMRQD
UH]XOWDW
3RVWRSHN MH ELO XVSHãQR XSRUDEOMHQ SUL YHULILNDFLML LQ YDOLGDFLML DOJRULWPD ]D
NRPSHQ]DFLMRKLVWHUH]HVSRPRþMR0='
)L]LNDOQRPDWHPDWLþQR VPR YSOLY KLVWHUH]H QD PHULWHY SRMDVQLOL V SRPRþMR
6WRQHU:RKOIDUWKRYHJDPRGHOD NL VPRJD Y WD QDPHQSRVSORãLOL ]D YHþMR VNXSLQR
GRPHQNLLPDMRUD]OLþQHXVPHULWYHJOHGHQD]XQDQMHSROMHNDNRUVHWR]JRGLV$05
WLSDORP Y]GROå PDJQHWQH SHULRGH 0RGHO RPRJRþD WXGL SROMXEQR NRPELQDFLMR
 3ULVSHYNLN]QDQRVWL

L]UDåHQRVWL NRQVWDQWH DQL]RWURSLMH ]D SRVDPH]QH GRPHQH 5H]XOWDWL VLPXODFLM ]
RPHQMHQRVWUXNWXURVHNYDOLWDWLYQRVNODGDMR]RSD]RYDQML
 5D]YRMQRYHJDPRGHOD]DRVWDMDMRþLKGRPHQ]DVLPXODFLMR
QDSDNHDQL]RWURSQHJDPDJQHWRXSRURYQHJDVHQ]RUMD]D
PHUMHQMHSRPLNDDOL]DVXNDNLMHSRVOHGLFDKLVWHUH]H
=D SRWUHEH SURJUDPVNH NRPSHQ]DFLMH PHULOQH QDSDNH ]DUDGL KLVWHUH]H MH
NOMXþQHJDSRPHQD]PRåQRVWWRþQHJDSUHGYLGHYDQMDYSOLYDKLVWHUH]HQDPHULWHY.OMXE
PQRJLP ]QDQLP SULVWRSRP N PRGHOLUDQMX KLVWHUH]H VH Y SULPHUX REUDYQDYDQLK
GDMDOQLNRYSRORåDMDVUHþDPR]QHNDWHULPLVSHFLILþQLPL]DKWHYDPLNL]DKWHYDMRUD]YRM
QDPHQVNHJDPRGHOD
6NODGQR]OHWHPLMHSUHGVWDYOMHQPRGHONLKLVWHUH]QLHIHNWL]UDþXQDYDVSRPRþMR
ED]QLK IXQNFLM LPHQRYDQLK GRPHQH SR DQDORJLML ] PDJQHWQLP GRJDMDQMHP Y
PDWHULDOX=XVWUH]QRL]ELURPRGHOVNLKSDUDPHWURYRPRJRþDVLPXODFLMRGDMDOQLNRY]
QDMUD]OLþQHMãLPL REOLNDPL WUDQ]LFLMH SRJUHãND RE VSUHPHPEDK VPHUL Y NROLNRU VR
VOHGQMHQHRGYLVQHRGKLWURVWL LQPHVWDVSUHPHPEH5DþXQVNDNRPSOHNVQRVWPRGHOD
RPRJRþDLPSOHPHQWDFLMRQDYJUDGQHPVLVWHPXWHUVLPXODFLMRRG]LYDYUHDOQHPþDVX
 5D]YRMQRYHJDDOJRULWPDNLVSRPRþMRPRGHOD]DRVWDMDMRþLK
GRPHQNRPSHQ]LUDQDSDNRGDMDOQLNDVWLSDORPQDDQL]RWURSQL
PDJQHWRXSRURYQLSULQFLS
5DYQR VOHGQML ODVWQRVWL PRGHOD ]DRVWDMDMRþLK GRPHQ WRUHM QL]ND UDþXQVND
]DKWHYQRVW LQ PRåQRVW UDþXQDQMD RG]LYD Y YJUDGQHP VLVWHPX Y UHDOQHP þDVX
RPRJRþDWD XSRUDER ]D NRPSHQ]DFLMR NDU Y RNYLUX SURJUDPVNH RSUHPH GDMDOQLND
SRORåDMD3RND]DOLVPRGDMHKLVWHUH]QLSRJUHãHNPHULWYHPRJRþHSUHGYLGHYDWLJOHGH
QDRFHQRJLEDQMDNLMRSUHGYLGHYDVDPGDMDOQLN9QDVOHGQMHPNRUDNXVHWDSRJUHãHN
UDþXQVNRHOLPLQLUDL]L]KRGQHYUHGQRVWLPHULOQHJDVLVWHP
3UHGODJDQL DOJRULWHP VPR SUHL]NXVLOL QD REVWRMHþHP GDMDOQLNX SRORåDMD ]
YJUDMHQLPPLNURUNPLOQLNRPLQSRND]DOLGDMHPRJRþHXVSHãQRNRPSHQ]LUDWLSRJUHãHN
]DUDGLKLVWHUH]HREXSRUDELUD]OLþQLK$05WLSDOREWHPSDQHSULGHGRSRPHPEQHJD
SRGDOMãDQMDGHORYQHJDFLNODQDSUDYH
3ULVSHYNLN]QDQRVWL 

 3RVWRSHN]DXPHUMDQMHDOJRULWPD]DNRPSHQ]DFLMRKLVWHUH]H
DQL]RWURSQHJDPDJQHWRXSRURYQHJDVHQ]RUMD]DPHUMHQMH
SRPLNDDOL]DVXNDVSRPRþMRPRGHOD]DRVWDMDMRþLKGRPHQ
7RþQRVW VDPH VLPXODFLMH KLVWHUH]QHJD YSOLYD QD GDMDOQLN V SRPRþMR PRGHOD
]DRVWDMDMRþLKGRPHQVWHPSDVHYHGDWXGLXVSHãQRVWNRPSHQ]DFLMVNHJDDOJRULWPDMH
SRJRMHQDVSUDYLOQRL]ELURPRGHOVNLKSDUDPHWURY3UDYVOHGQMHMHSRJRVWRSRPHPEQD
RYLUDSULPRGHOLUDQMXPDWHULDORYVDMVRSDUDPHWULSRJRVWRWHåNRPHUOMLYL
3UHGVWDYLOL VPR SRVWRSHN V SRPRþMR NDWHUHJD GRORþLPR SDUDPHWUH PRGHOD
]DRVWDMDMRþLKGRPHQQDSRGODJLPHULWYHRG]LYDGDMDOQLND WHU UHIHUHQþQHJDSRORåDMD
2SLVDQDMHVHNYHQFDJLEDQMDWHNRP]DMHPDPHULWYHREGHODYDUH]XOWDWRYWHUSUHUDþXQ
SDUDPHWURY L] DSURNVLPDFLMH L]PHUMHQH NULYXOMH ] OLQHDUQLPL RGVHNL 3UL WHP ODKNR
SROMXEQRL]ELUDPRVWRSQMRNRPSOHNVQRVWLPRGHODWRUHMãWHYLORYNOMXþHQLKGRPHQVNLK
ED]QLKIXQNFLMWHUSROMXEQRUD]SRUHGLWHYOLQHDUQLKRGVHNRYSULRG]LYX
3RVWRSHN MH ELO XSRUDEOMHQ SUL NDOLEUDFLML PRGHORY XSRUDEOMHQLK ]D WHVW
NRPSHQ]DFLMHKLVWHUH]QHJDHIHNWDQDY]RUþQLVNXSLQL$05LQ705WLSDO
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